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This  report  covers  the  experimental  work  and  3erxf3o-^  teats 
performed  in  the  development  of  the  False  Target  Shell  (FTS) 
Ferk  I.  This  device,  on  ejection  from  a  submarine,  is  de¬ 
signed  to  generate  a  bubble  cloud  serving  as  a  false  target 
for  submarine  echo-ranglng  attack.  It  is  suitable  for  train¬ 
ing  of  sr  -  d  operators  as  veil  as  for  submarine  evasion,^ 

Information  from  the  Commanding  Officer  of  the  TJSS  SEI.®“E^'^ 
corcernlng  the  deep  water  teste  of  the  False  Target  Shell  at 
Portsmouth,  I*).  H.  on  April  I7,  1914-5  arrived  after  publication 
of  this  report.  This  information  {1.  Bibliography)  c<"ncurs 
v-ith  that  given  in  the  re-jort. 


Successful  prosecution  of  this  problem  was  made  possible  by 
the  cooperation  of  officers  end  civilians  of  the  Sound  Divi¬ 
sion, 


AITT^i^RIZATION 


1.  The  problem  was  authorized  bv  Bureau  of  Ships  letter 
C-SS/M6-5(  ^75)  Serial  012-ll4.-10  dated  December  12,  I9I12  under 
pro^lect  Order  h.^^/k^,  other  references  are; 

(a)  Memoranuun  Chief  of  BuShips  to  COMIFCH,  G-S63/SS, 
dated  Aug.  I4.,  19^+2,  Orig.  file  C-SS/Al6-3(5i^^0) 
Serial  O89-I5 

(b)  unRav  to  BuShips,  S-EF^O,  dated  Aug.  7^  19^2, 

Orig.  file  Op-l6-P-9 (SC )a8-2/eP50  Serial  OI962516 

(c)  plans  of  Submarine  Emergency  Identification 

E,iector,  E-  E.  Dr.  No.  1763-22  to 

(a)  Ordnance  Pamohlet  No.  725>  Ships  Pyrotechnics, 
August,  1937 

(e)  Internal  Renort  No.  100,  pillenvserf er  Design, 

Orig.  file  n-EFl3-{l)  Serial  012031 71.  NAA  London 
Report  No.  A^29-l.'2  of  Nov.  I6,  19ii2. 

ff)  Phil.  Nag.,  19,  111.7-1151(19  33) 

(g)  NDRC  Report  CU-sr20-3?-6,  dated  IO/22/I42,  NRL 
fil©  C"EZ1/6 

(h)  NDRC  Report  6.1sr31-i'37  >  dated  2/l3/Ii2 ,  NRL  file 
C-EZI/6.1 

(i)  EuOrd.  Itr.  to  N.o.L.  Fyd.  I'Jash.  ,  Orig.  file 
S?3-l(9),  Re2e  Serial  02- 3-9 *  dated  2/2/iL3, 

NRL  file  C-S68/SS 

(j)  BuShips  Itr,  to  BuOrd.,  Orig.  file  G-SS/A16-3( 3S0) 
dated  2/2V4^»  NRL  file  G-S68/SS 

STATEI^ENT  OF  THE  PROBLEM 


2,  The  development  of  suitable  materials  to  be  discharged 
from  a  submerged  submarine  to  generate  a  bubble  screen  creating 
a  false  target  with  echo  ranging  devices.  Tbe  following  re- 
qulrerents  (Reference  (a))  were  considered  essential  to  the 
bubble  screen  generator; 

(a)  Generation  of  a  cloud  of  small  bubbles 
rather  than  a  vertical  stream. 

(b)  A  delay  in  bubble  discharge  of  about 
three  minutes. 

(c)  Safety  in  storage  and  handling  while 
in  readiness  for  discharging, 

(d)  Bubble  screen  should  persist  for 
three  to  five  minutes. 


(e)  Discharged  material  evolving  gas  should 
have  a  slight  negative  buoyancy. 

(f)  Material  must  be  commercially  available. 

(g)  Device  must  be  suitable  for  discharge 
from  the  '’Submarine  Emergency  Identifi¬ 
cation  Signal  E.if.-ctor". 
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TCNO^N  PACTS  OT-T  THE  PROBLEM 


The  Germans  have  successfully  developed  and  put  into 
active  use  a  bubble  screen  generator  technically  known  as 
”S“Gerat  Vertilger"  (Asdic  obliterator)  or  more  popularly  as 
"Pillenwerfer"  (Plllthrower) .  (Sea  plate  1.)  The  apparatus  is 
essfuttally  an  ejector  for  discharging  chemical  pellets  which 
generate  a  cloud  of  gas  bubbles  thersby  giving  false  echoes  to 
surface  echo-ranging  anti- submarine  craft.  The  "Plllenv/erf er" 
consists  of  a  cylinder  approximately  20"  long  and  5*2"  in 
outside  diameter  v/ith  0,6"  wall  thickness,  containing  a  loose- 
fitting  piston  operated  by  a  piston  rod  which  passes  through  a 
packing  gland  in  the  breech  of  the  cylinder.  The  outboard  end 
of  i-he  cylinder  projects  a  few  inches  from  the  hull  and  is 
covei'ed  by  a  pressure  cap  controlled  by  a  handv;heel,  ’Water  and 
air  valves  are  provided  for  flooding  and  draining  the  tube. 
Operation  of  the  "Plilenwerfer "  is  very  simple; 

■With  the  outer  cap  closed,  the  breech 
is  opened  and  the  bubble  generating 
pellets  Inserted  in  the  tube.  The  air 
release  valve  is  then  opened  and  water 
is  admitted  through  the  water  inlet 
valve  until  it  is  seen  to  emerge  from 
the  air  release  valve,  both  valves  are 
then  cloced,  the  outer  cap  is  onened, 
and  the  pellets  are  discharged  by 
pushing  the  ejector  rod  forward.  The 
cap  is  'hen  closed  and  the  water  drained 
from  the  tube  in  readiness  for  another 
loading. 

The  pellets  are  of  unknown  composition,  cylindrical  in  shape 
and  about  1-1/2"  in  diameter  and  ^-1/2"  long.  It  is  believed 
that  the  pills  do  not  reach  their  full  intensity  of  gas  evolu¬ 
tion  until  about  two  minutes  after  discharge  end  then  last  about 
six  minutes.  More  complete  information  concerning  this  device 
jnay  be  found  in  Reference  (b). 

Ij..  While  the  German  pill  ejector  was  especially  designed 
for  that  purpose,  any  bubble  screen  generator  developed  at  the 
Laboratory  must  bo  suitable  for  discharge  from  the  submarine 
Emergency  Identification  Signal  Ejector,  plans  of  the  ejector 
for  submarines  SSl^Q  to  200  were  obtained.  Reference  (c).  This 
ejector  is  designed  to  fire  by  air  pressure  a  signal  shell. 
Unlike  the  German  "pil enwerf er"  the  barrel  is  built  in  two 
sections  with  a  space  in  betw-een  the  barrels  for  a  muzzle 
closing  mechanism  of  the  swinging  gate  type.  This  gap  between 
bbe  barrels  is  2-5/3"  long  and  k"  in  diameter.  A  pellet  smaller 
than  2-5/3''  might  fall  into  this  opening  while  one  only  slightly 
longer  might  jam  in  the  bari'cl.  The  Mark  II  Hod,  2  Submarine 
Emergency  Identif 5.cati.on  Signal  (Reference  (d))  used  in  this 
ejector  is  an  ogival  headed  tube  l3-i/2"  long  and  5"  in  diam¬ 
eter  expelled  in  its  entirety  from  the  submarine.  As  the  signal 
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leaves  the  ejector,  a  tripping  lever  is  raised  by  contact  with 
a  lug  in  the  ejector,  thereby  cocking  and  releasing  a  firing 
hairc.f  r  v/hich  strikes  and  fires  a  primer  igniting  a  time  fuse. 

The  fuze  burns  for  approximately  25  seconds  and  ignites  an  ex¬ 
pelling  charge  of  black  powder  which  ejects  the  signal  from  the 
case. 

THEORETICAL  CQWSIDFRATIOi^?. 

5.  The  study  of  bubble  and  wake  phenomena  is  at  present 
in  progress  at  a  number  of  laboratories,  A  complete  picture  of 
the  quantitative  relations  involved  has  not  as  yet  been  attained. 
Information  is  here  presented  from  outside  reports  mei-ely  to  give 
an  idea  as  to  the  order  of  magnitude  of  the  factors  involved  and 
does  not  represent  an  attempt  to  evaluate  or  analyze  the  data. 

The  reflection  of  sound  by  bubbles  is  critical  with  bubble  size. 
In  Table  I  (Reference  (e))  are  given  vol<mies  of  gas  at  a  hydro¬ 
static  pressure  of  one  atmosphere  required  for  various  bubble 
sizes  to  simulate  an  equivalent  spherical  target  of  100  meter 
diameter  v^ith  an  echo  ranging  freouency  of  20  kilocycles/second. 

Table  I 


Diameter  of  each  bubble 
6V6io  cm. 

0.020 

O.O'^O 

0.0^2 

O.OhO 

0.060 

0.200 


Total  volume  of  gas  required 
POOO  liters 
'750 
50 
2.5 
75 

,750 

ilOOO 


The  small  volume  of  gas  required  for  bubbles  of  diameter 
0.0^2  cm,  is  accounted  for  by  the  fact  that  bubbles  of  this 
diameter  resonate  to  a  frequency  of  20Kc/sec.  Bubbles  of  diam¬ 
eter  other  than  this  resonating  size  require  a  much  larger  volume 
of  gas  to  produce  the  same  effect  with  a  given  frequency.  The 
relation  between  bubble  diameter  and  frequency  for  resonant  con¬ 
ditions  at  a  hydrostatic  pressure  of  one  atmosphere  is  given  by 

6ii0 

Frequency  = -  (1) 

Bubble  diameter  in  cms. 

6.  However,  resonant  frequency  varies  also  with  pressure 
or  depth  of  water.  Neglecting  surface  tension  effects  which  are 
small  with  bubbles  of  the  size  under  consideration,  the  variation 
of  resonant  frequency  with  pressure  is  shov/n  by  equation  (2) 
Reference  (f).  Equation  (1)  was  obtained  from  this  expression  by 
grouuirg  of  constants. 
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(2) 


1 

2Wv 

Where  r  is  th.e  r??.dius  of  tlie  bubble,  K  is  the  ratio  of  the  soecif- 
ic  heats  of  the  gas  at  constant  nressure  arid  constant  volume,  p 
is  the  hydrostatic  pressa'^e  on  the  bubble,  and  d  Is  the  density 
of  the  vjater.  Assuming  a  frequency  of  20  Kc/se^.,  the  variation 
of  resonant  bubble  size  with  pressure  may  be  determined  as  listed 
in  Table  II. 


Table  II 


Diameter  of  Bubble 

Depth  of  Water 

0.052  cm. 

UTeeiF” 

0.072 

50 

0.0C9 

100 

0.101 

150 

C.112 

200 

0.150 

500 

0.145 

Uoo 

To  covei’  the  frequency  range  of  l8  to  52  Kc/sec.  at  atmospheric 
pressure,  bubble  sizes  varying  from  0.020  to  0,057  v'oulci  bo 
required;  to  cover  the  same  frequencies  at  a  Ii-OO  ft.  denth  bubble 
diameters  of  0.091  to  0.l6l  cm.  would  be  necessary. 

7«  persistence  or  duration  of  bubbles  is  denendent  unon 
their  rate  of  rise  and  initial  depth  and  also  uoon  their  rate  of 
solution.  Rate  of  rise  of  air  bubbles  varies  with  bubble  size 
as  shown  in  Table  III.  The  values  given  in  the  table  below  were 
taken  from  data  given  by  pekevis  (Kefc’^ence  (g)). 

Table  III 


Bubble  Diameter 
in  Centimeters 

- DTOT3 - 

0.020 
0.050 
0,0k0 
0.060 
0,100 
0.200 
0.  500 
1.000 
2,000 

It  is  readily  seen  that  the 
markedly  with  diameter  until 
from  which  point  the  velocity 
centireters  per  second. 


Rate  of  Rise 
in  cms/sec. 

- OTT - 

1.2 

2.5 

5.6 

6. 6 
15.0 
27.0 
27.0 
21! .  0 
51.0 

velocity  of  the  bubbles  increases 
a  Qiumete}.-  of  0.200  cms.  is  reached 
is  relatively  constant  at  2J.0 
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8.  A  study  the  solution  rate  of  air  bubbles  in  water 
at  various  pressures  has  been  irade  by  Wyman  (Reference  (h)). 
Except  .for  a  slightly  faster  initial  rate,  it  v'as  found  that  the 
rate  of  shrinltage  of  air  hubbies  in  a  given  deoth  of  water  was 
linear  with  time  vithin  the  size  range  of  interest  to  this  re- 
nort.  Further,  the  rate  of  solution  was  found  to  increase  with 
hydrostatic  pressure  or  depth  until  a  li^nlting  value  was  reached 
at  13-20  meters  (3O-65  feet)  as  shown  in  Table  IV. 


Table  IV 


Depth  of  Water 
in  P'eters 

10 

20 

50 

lOQ 

200 


Bubble  Diameter  Time  to  Decrease 

Decrease  In  cms^sec .  Bubble  Diam.  0.01  cm. 


"5" 

11 

15 

ll 

18 


125  seconds 

9^ 

66 

60 

57 


The  rate  of  solution  of  bubbles  in  v/ater  is  governed  by  the 
solubility  of  the  gas,  the  thickness  of  the  gas  liquid  shell 
boundary,  rate  of  diffusion  of  the  gas  through  this  boundary, 
hydrostatic  pressure,  and  partial  pressure  of  the  gas  in  the 
water,  A  rough  idea  of  the  order  of  magnitude  of  rates  of 
solution  may  be  obtained  from  the  solubilities  of  gases  in  water 
as  given  in  Table  V.  The  solubilities  are  in  unit  volume  of  gas 
dissolved  in  unit  volume  of  water  at  23“C  and  atmospheric  pres¬ 
sure. 


Table  V 


Gas 

Vol/ Volume 

Nitrogen 

o,6lll5 

Air 

0.0171 

Hydrogen 

0,0175 

oxygen 

0.0285 

Methane 

0.0501 

phosphine 

0.20 

Carbon  Dioxide 

0.759 

Acetylene 

,  0.95 

Arimonia 

650.0 

b.  Possible  methods  of  generating  bubbles  considered 

were ; 


1.  Mechanical 

(a)  Discharge  of  cylinders  containing 
compressed  gas. 

(b)  Discharge  of  fluid  directly  from 
submarine 

(1)  Spray  gun  and  wetting  agent 

(2)  Discharge  of  liquid  solvent 
containinr  gas 

(3)  Compressed  gas  through  porous 
plates 

2.  Chemical 

(a)  Discharge  of  a  chemical  to  generate 
gas  on  water  contact. 
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All  of  the  above  methods  are  feasible  and  the  advantages  and 
disadvantages  of  each  v;ere  weighed. 

10.  Acting  on  the  premise  that  6  cu.ft.  of  bubbles  of 
the  proper  size  would  give  a  good  echo  comoarable  to  that  of  a 
submarine,  this  amount  of  gas  could  be  compressed  into  an  alumi¬ 
num  cylinder  under  l800  lbs.  oressure  having  a  v/ei<?ht  filled  of 
anproximatel^/  1^00  grams  and  an  outside  volume  of  1^50  cc.  To 
have  a  slightly  negative  buoyancy  v/lth  this  volume  the  cylinder 
could  v/eigh  20  50  grams,  or  a  difference  of  7^0  grams.  If  added 
exterior  parts  were  of  aluminum  or  other  nsaterial  of  similar 
density'-  their  weight  could  be  llSO  grams  {2.6  lbs.)  and  still 
maintain  a  density  only  slightly  higher  than  sea  water  {  i.e. 

s/cc.).  Prom  this  2.6  lbs.  of  aluminum  would  have  to  be 
designed,  a  discharge  device,  delay  mechanism,  hydrostatic  pres¬ 
sure  control,  and  eithei-  a  noi-ous  plate  or  nozzle  for  producing 
small  bubbles.  In  addition  to  this  a  special  high  nressure 
cylinder  suitable  for  discharge  from  the  submarine  signal  ejector 
would  have  to  be  made.  In  view  of  the  difficulties  involved  and 
since  by  chemical  methods  the  yield  of  gas  v;ith  the  same  weight 
and  volume  restrictions  could  be  iimraved  by  a  factor  of  ten,  the 
use  of  compressed  cylinders  was  discarded  pending  v'ork  on  chem¬ 
ical  units. 


11.  The  discharge  of  bubbles  or  bubble  generating  fluids 
from  the  submarine  offers  the  easi  i ■  method  of  control,  but 
lacks  the  important  element  of  delay.  Comnressed  gas  from 
cylinders  could  be  forced  through  a  nozzle  or  a  spray  gun  with 
water  through  a  salvage  connection  on  the  submarine  to  generate 
bubbles.  Possibly  very  fine  bubbles  of  controlled  size  could  be 
generated  by  the  use  of  a  spray  gun  with  a  wetting  agent.  The 
third  fluid  discharge  type  is  the  discharge  of  a  liquid  contain¬ 
ing  a  large  volume  of  dissolved  gas  which  is  less  soluble  in  sea 
water  than  in  the  solvent  liquid.  For  examnle,  acetone  at  15®C 
and  atmospheric  pressure  vdll  dissolve  25  times  its  volume  of 
acetylene  and  at  180  lbs.  pressure  it  wi-11  dissolve  500  times  its 
own  volume.  These  three  methods  were  eliminated  as  they  lacked 
the  necessary  requirement  of  delayed  action. 
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12,  Preliminary  tests  of  a  consultative  nature  before 
assignment  of  the  problem  to  the  Laboratory  are  summarized  in 
Appendix  X.  From  a  review  of  the  chemical  literature  the  com¬ 
pounds  listed  in  Table  VI  belov/  were  selected  for  a  more  detailed 
study. 


C  om- 
pound 

Fol.  Gas 

V\ft,  Evolved 

cc.  of 
Gas/g. 
of  Cmpd. 

Table  VI 

cu.ft.  of 
aas/lb. of 
Compound 

Density 

g./cc. 

Density 
Ib/cu, ft. 

cu.  ft 
Gas/cu 
of  Cm] 

CaCa 

~6TiTl  CsHa 

15b.  5 

77^ 

A1  aC 

lli5.9  0CH4 

7.  US 

2.  56 

1U7-5 

1102 

NaH 

2  q ,  0  Hz 

953 

1U.95 

o'.  92 

57. u 

859 

CaHp 

J.l2 . 1  E  Hz 

1065 

17.07 

1.70 

106.1 

I3l0 

LiH 

cJ.O  Hp 

2819 

I4-5.IO 

0.82 

SI. 2 

62.5 

2306 

Kb04  lli2.2  5/2  Oa 
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5.78 
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The  compounds  selected  for  investigation  v'ere  chosen  on  the 
basis  of  volume  of  gas  released,  solubility  of  the  gas  in  v/ater, 
fire  or  other  hazards  incident  to  the  chemical  and  gas  p,enerated 
and  availability  of  the  chemical.  Laboratory  tests  were. con* 
ducted  on  a  number  of  other  chemicals  such  as  calcium  phosphide 
and  cOb  producing  mixtures  of  the  "alka-seltzer"  tyne ,  l.e. 
bicarbonate  and  a  dry  organic  acid. 

15’  It  will  be  noticed  that  no  compounds  liberating 
nitrogen  are  found  in  Table  VI.  Nitrogen  would  be  an  ideal  gas 
to  generate  because  of  its  safety  and  lov;  solubility  in  vrater. 
However,  comnounds  releasing  nitrogen  were  unsuitable  for  the 
task  due  to  their  exnlosive  nature  or  inability  to  evolve  gas 
except  under  special  conditions,  for  exaronle,  alkali  azides  or 
ammonium  nitrite.  Sodium  hydride  was  discarded  because  of  Its 
high  rate  of  reaction.  Even  with  a  coating  of  oil  it  had  a 
tendency  to  ignite  unon  contact  with  water.  Aluminum  carbide 
was  eliminated  without  a  real  test  of  its  properties.  A  poor 
samnle  of  aluminum  carbide  was  obtained  which  gave  only  a  feeble 
reaction  with  v;ater  and  dilute  acids.  Attempts  at  curification 
did  not  improve  its  performance.  The  Alur-inum  Co.  of  America 
informed  the  Laboratory  that  there  was  no  known  manufacturer 
of  aluminumi  carbide  in  the  TJ.  S*  »  and  that  the  compound  was 
difficult  and  costly  to  prepare  and  had  been  made  in  laboratory 
nuantj.ties  for  research  purposes  only. 

liv.  preliminary  testing  of  calci'am  hydride,  lithium 
hydride,  calcium  carbide,  and  potassium  tetroxide  indicated  that 
all  of  these  materials  would  give  fine  bubbles  of  gas  fairly 
efficiently,  if  generated  from,  small  particles  (ii--50  mesh),  pine 
particles  of  these  chemicals  react  in  a  m.atter  of  seconds  and  it 
vjas  felt  that  the  chemical  should  react  as  long  as  the  duration 
of  echo  desired,  i.e,  three  to  five  minutes.  This  premise  was 
later  substantiated  by  sound  tests  in  the  Potomac  Hiver  of 
finely  divided  (50  mesh)  LiH  and  CaTfe,  These  hydrides  were  re¬ 
leased  in  25  feet  of  v.'ater  and  reacted  nearly  instantaneously 
giving  rise  to  a  depth  charge  affect  in  that  the  bubbles  col¬ 
lected  and  rose  on  marse  to  give  a  surface  geyser.  A  verv  poor 
echo  was  obtained.  This  method  of  testing  small  particles  vms 
not  the  optimum  since  there  a  limited  amount  of  dispersion. 
Effective  dispersion  would  be  still  another  nroblem.  However, 
a  second  requirement  must  be  met  in  that  the  chemical  should  not 
come  to  the  surface  of  the  vjater.  particles  of  calclur-  carbide 
about  to  1/2'*  in  diameter  will  bubble  if  submerged  for 

approximately;  three  minutes,  but  on  release  they  will  sink  in 
water  due  to  their  high  density  (2.2g/cc)  until  the  bubbling 
rate  increases  when  they  will  rise  at  a  raoid  speed  due  to 
dynamic  action  of  the  bubbling,  calcium  hydride  rises  at  an 
even  more  rapid  rate  because  of  its  lower  density  (l,7g/cc)  and 
faster  reaction  velocity,  Lithinjn  hydride  and  potassium  tet¬ 
roxide  have  densities  less  than  that  of  water,  and  will  float 
on  the  surface  end  react,  or  if  released  submerged  they  will 
rise  very  rapidly.  This  meant  that  large  pellets  of  material 
of  controlled  effective  density  (i.e.  of  slightly  negative 
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buoyancy  durinf^  the  course  of  reaction)  v/ould  have  to  be  prepared 
in  such'  a  I'sy  that  smaller  particles  would  break  off  from  the 
larger  nallet  and  react.  The  effective  density  varies  with  each 
raterial  denencl^ng  on  its  density,  surface  area  exnosed,  and  rate 
of  reaction.  Rather  than  study  these  factors  for  each  of  the 
four  chemicals  it  was  decided  to  eliminate  all  but  one  material. 

1^.  Sound  tests  (Anpendix  I)  indicated  that  at  this  stage 
of  development  lithium  hydride  held  more  promise  of  successful 
results  as  far  as  echo  response  was  concerned  than  calcium  car¬ 
bide  or  r)otasslur.i  tetroxlde.  .  iVitb  this  fact  in  mind  the  ad¬ 
vantage  and  disadvantages  of  each  material  were  considered  as 
compared  with  lithium  hydi’ide,  potassium  tetroxide  was  the  only 
one  of  the  four  materials  generating  a  safe  gas,  oxygen.  The 
potential  danger  of  the  free  potassium  tetroxide  was  considered 
as  great  as  the  oosslble  premature  release  of  acetylene  or  hy- 
di’oger,  iron:  the  other  chemicals.  Furthermore,  potassium  tetrox¬ 
ide  presented  real  difficulties  in  that  very  few  materials  could 
be  safely  compounded  v;lth  it  to  control  its  effective  density. 

Some  attev  pts  were  made  along  this  line  using  pressed  pellets  of 
salt/  and  ootassiur'.  tetroxide  and  coating  individual  pellets  with 
iiiei’t  raterlals,  but  in  view  of  the  difficulties  presented  in 
this  regard  and  the  poor  volume  of  gas  produced  by  KbO*  relative 
to  the  otner  chemicals,  it  was  decided  to  temoorarily  discard 
potass i-UK  tetroxide, 

16.  Finer  bubbles  are  generated  v/hen  only  a  single  surface  . 
of  a  pellet  is  exposed  to  the  action  of  water.  If  the  pellet  is 
comnletely  exnosed,  bubbles  Generated  from  the  bottom  and  sides 
tend  to  collect  and  form  large  bubbles  rather  than  the  desired 
fine  bubbles.  Calcium  carbide  gives  an  insufficient  volume  of 
bubbles  under  these  conditions  to  counteract  its  high  density 
and  give  the  pellet  effective  density  near  that  of  sea  water  and 
still  maintain  bubbling  for  a  three  to  five  minute  neriod.  Cal¬ 
cium  carbide  has  distinct  saventage  in  its  low  cost  of  6  cents 
per  pound,  but  the  small  volume  of  acetylene  generated  per  pound, 
the  high  solubility  of  acetylene  in  water  and  noor  effective 
density  characteristics  of  the  chemical  outweighed  this  advantage. 
It  should  be  mentioned  that  if  an  ejector  of  the  German  pillen- 
werfer  tvpe  were  available  in  v/hich  large  ouontities  of  bulk 
chemical  without  a  special  ejection  container  is  used,  calcium 
carPide  would  merit  consideration  because  of  its  cheapness. 

17.  Both  acetylene  and  hydrogen  would  be  unsafe  if  re¬ 

leased  in  large  volume  in  a  submarine.  The  Inflamnable  limits 
of  acetylene  in  air  are  to  G2^  acetylene  while  the  inflam¬ 
mable  limits  oi  hydrogen  in  air  are  to  75^  hydrogen.  The 

use  of  hydrogeii  generating  chemicals  is  relatively  safe  in  tnat 
the  volume  grnf  rated  by  unit  charge  is  small  in  comparison  with 
the  volume  of  the  submarine.  If  conditions  wei-e  such  that  one 
bubble  charge  completely’-  reacted  and  liberated  60  cu.  ft,  of 
hydrogen  the  percentage  of  hvdrogen  in  a  submarine  of  ^0,000 
Cl,  ft,  ’-ould  onlv  be  0.2^;  it  would  take  the  complete  reaction 
of* twenty  such  charges  to  rroch  the  lower  limit  of  inflammability 
of  hydrogen. 
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l6.  Lithiuiri  hydride  was  selected  in  nreference  to  calcium 
hydride,  since  lithium  hydride  liberates  a  larger  volume  of  gas, 
has  a  lowrr  deiiv^ity  (allowing  more  leevav  for  effective  density 
adjustments)  and  is  more  stable  under  atmospheric  conditions. 

Over  short  '•’■eriods  of  time  calcium  hydride  will  com'oletel7r  decom¬ 
pose  on  ex'-'csure  to  the  atmosphei’e  while  lithium  hydride  is  sta¬ 
ble  under  the  same  treatment.  Lithium  hydride  cost  the  Labora¬ 
tory  ifel^.OO  per  pound  v.-hile  calcium  hydride  cost  silO.OO  per  pound; 
this  discrepancy  in  price  is  more  than  outweighed  by  the  fact 
that  per  pound  lithium  hydride  liberates  over  2.5  times  the  vol¬ 
ume  of  hydrogen  liberated  calci'um  hydride. 

19*  Tests  were  performed  on  lithium  hydride  with  the  view 
of  developing  pellets  of  slightly  negative  buoyancy  that  would 
liberate  fine  bubbles  for  three  to  five  minutes.  paraffin  was 
found  to  be  an  ideal  binder  In  that  it  was  non-reactive  and 
allowed  particles  of  lithium  hydride  to  leave  the  surface  of  the 
pellet  and  react.  Natural  v'axes  such  as  beesw/ax,  carnauba,  and 
ceresin  wore  used  but  found  later  to  react  on  storage  with  the 
lithium  hydride,  por  laVjoratory  teste  visual  observation  was 
made  of  1”  x  1"  cylindrical  pellets  made  by  a  hydraulic  pressing 
at  various  p.s.l.  in  a  steel  die.  Paraffin  first  tried  as  a 
binder  for  the  lithium  hydride,  being  mixed  slightlv  above  the 
melting  point  of  the  paraffin  and  allov-ed  to  cool  before  pressing. 
The  effect  of  mesh  size  on  time  of  reaction  was  measured  to  limit 
the  number  of  variables  involved.  Using  nellete  of  "^0%  lithium 
hydride  and  ^0^  paraffin  of  melting  pojnt  57'’C,  it  was  found  that 
lithium  hydride  over  the  range  of  tl.  S.  Standard  mesh  sizes  6-10, 
10-20,  20-50,  and  smaller  than  ^0  mesh,  the  speed  of  reaction 
varied  by  only  15^*  Bubble  size  was  about  the  same  with  the 
different  mesh  sizes.  As  a  result  of  this  test  lithium  hydride 
ground  to  the  approximate  mesh  analysis  given  below  was  used  in 
tests. 


Mesh  Analysis 

Mesh  size  Screen  Opening  in  Inches  %  of  Total  by  Weight 


5  - 

k 

0.187 

—  0 ,290 

1.0 

6 

8 

0.152 

-  0.187 

8.0 

6  — 

o.09ij. 

-  0.132 

17. Ib 

8  - 

10 

0.079 

-  0.09i; 

8.2 

10  - 

20 

0.055 

-  0.079 

51-8 

20  - 

50 

0.025 

-  0.055 

7*k 

50 

0.000 

-  0,025 

26.2 

seventy  percent  lithiim?  hydride  and  thirty  percent  paraffin  was 
selected  as  this  mixture  ma^;’  be  easily  and  uniformly  made  in 
small  batches.  Higher  or  lovv-er  paraffin  content  vjith  this  mesh 
size  tends  to  produce  non-uniform  mixtures. 

20,  The  effect  of  water  temnerature  on  the  speed  of  re¬ 
action  was  found  to  be  negligible  for  a  pellet  composed  of 
50^  lithium  hydride  and  ^0%  paraffin  wax  of  melting  point  153'^F. 
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This  high  percentage  of  paraffin  was  used  to  accentuate  any  tem¬ 
perature  differential  in  rates  that  might  exist  duo  to  paraffin 
as  lithium  hydride  alone  reacted  uniformly  over  the  temperature 
range  concerned*  From  an  average  of  six  determinations  It  was 
found  that  a  1”  x  1”  cylindrical  pellet  reacted  ^0%  faster  at 
85®F  than  at  The  mistaken  assumption  was  made  that  in 

general  the  paraffin  mixed  pellets  would  react  faster  at  high 
temperatures  than  at  lov'  temneratures.  This  was  true  for  the 
particular  case  tried,  a  high  percentage  of  low  melting  paraffin, 
but  was  not  true  for  small  percentages  of  paraffin.  This  erro¬ 
neous  assumption  led  to  difficulties  in  later  tests. 

21,  Larger  pellets  apuroximating  the  expected  size  for 
Sei’vice  use  were  prepared  by  nressing  material  in  a  2-7/8”  diam¬ 
eter  cylindrical  die.  pellets  wei^e  composed  of  l6l  grams  of 
lithium  hydride  and  60  grams  of  paraffin  {?hp.  152®F)  compounded 
while  hot  (00®C)  and  stirred  until  cool.  This  mixture  pressed 
In  the  die  at  3100  p.s.i.  formed  a  pellet  2-7/8”  in  diameter  and 
2-15/16”  high.  The  pellet  was  then  sealed  into  a  28  gauge  gal¬ 
vanized  iron  cup  2-29/52”  Inside  diameter  and  5”  in  body  height 
containing  20  grams  of  hot  paraffin  and  a  55  gram  lead  v/elght. 
Total  weight  was  575  grams  with  a  volume  of  525  cc  giving  a 
density  of  I.I5  grams  per  cc.  with  a  density  less  than  this  the 
pellet  >‘111  surface  from  20  feet  of  v/atsr,  the  Potomac  RJver 
denth  used  in  testing.  Tnrough  the  cooperation  of  the  Sound 
Division  of  the  Laboratory  two  groups  of  six  oellets  each  were 
tested  and  found  to  give  echoes  of  good  nuality  and  Intensity  at 
a  [i-OO  yai’d  range  (Appendix  II).  Echoes  were  obtained  over  a 
thirteen  minute  period.  Normally  at  the  temperature  of  test, 

59'’P*  each  pellet  would  react  for  7  minutes,  but  each  pellet  had 
a  delay  element  of  a  single  sheet  of  ^Ul  Whitman  Filter  paper 
sealed  to  the  edges  of  each  pellet.  These  same  pellets  were 
tested  in  the  Potomac  River  in  70  feet  of  water  at  Morgantown 
by  the  Sound  Division.  Good  echoes  were  obtained  at  1200  yards 
and  fair  echoes  at  2000  yards  using  these  pellets  with  the 
filter  papers  removed. 

22.  Originally,  in  conformity  with  the  problem  requirements, 
it  was  felt  necessary  to  have  each  pellet  delay  its  discharge 
about  three  u'inutes.  Various  methods  of  delay  v'ere  tried  -  cloth 
and  paper  coverings  of  various  types  with  and  without  impregna¬ 
tion  with  wetting  agents,  coatings  of  mixed  water  reactive  and 
non-reactive  chemicals,  coating  of  fused  and  pressed  water  solu¬ 
ble  salts.  The  delay  time  in  paper  coverings  was  governed  not 

by  the  time  of  water  diffusion  but  by  the  tensile  strength  of 
the  material;  water  would  diffuse  through  the  pacer  and  react 
v-ith  the  chemical  thereby  generating  gas  vhich  would  balloon  up 
the  caper  covering  preventing  entrance  of  more  water.  The  pel¬ 
let  v/ould  only  initiate  action  when  a  break  in  the  paper  occurred, 
paper  strength  in  the  samo  lot  varied  too  widely  to  make  this 
method  useful.  The  same  effect  occurred  ith  cloth  coverings  the 
only  difference  being  that  action  v/as  initiated  when  the  cloth 
loft  the  surface  of  the  pellet,  that  is  when  the  gas  pressure 
became  sufficiently  strong  to  break  the-  binding  edge  between  the 
pellet  and  cloth,  'ordinarily  with  cloth  coatings  water  \as 
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admitted  only  sufficient  to  enuallze  the  gas  pressure  underneath 
the  cloth  and  the  hydrostatic  pressure  of  the  water,  then  further 
action  stopped.  Reactive  coatings  varied  too  greatly  over  the 
temperature  range  involved.  A  layer  of  dried  sodium  chloride 
pressed  over  the  ejcnosed  lithium  hydride  surface  was  found  to  he 
fairly  satisfactory.  The  solubility  of  sodium  chloride  in  water 
varies  only  slightly  from  to  90°p.  Delay  time  could  be  con¬ 

trolled  by  variations  in  mesh  size  and  pressure.  A  delay  element 
of  this  type  would  be  difficult  to  manufacture  and  control.  With 
all  types  of  delay  the  oellet  would  undergo  a  high  rate  of  free 
fall  in  water  until  bubbling  started  to  decrease  its  effective 
density,  unless  a  float  detachable  on  initiation  of  reaction  were 
incorporated.  However,  sound  tests  of  lithium  hydride -pa raff in 
pellets  indicated  approximately  two  minutes  delay  in  developing 
the  false  target  was  Inherent  in  the  pellets.  This  delay  was 
said  to  be  sufficiently  long  and  v/ork  was  started  on  experimental 
un it  s . 


22.  For  comrrercial  manufacture  it  would  be  cumbersome  and 
time- consuming  to  press  chemical  pellets  and  then  seal  them  into 
metal  cups.  For  this  reason,  it  was  decided  to  use  seamless 
dravn  cups  and  make  dies  to  accommodate  cups  and  material  and 
press  the  pellets  directly  into  the  cups.  Can  manufacturers 
were  contracted  and  the  standard  size  nearest  the  dimensions 
desired  was  selected.  The  American  Can  Co.,  iS^Ii  Clayhoume  Ave., 
Chicago,  Illinois,  supplied  seamless  dravm  cups  (plate  2  also 
plate  1,  Appendix  IIT)  of  tin  nlated  black  iron  2-25/52”  outside 
diameter  and  1-7/8”  bedy  height  and  weighing  35  grams  +  2,  Steel 
dies  (Figure  1  of  Appendix  III)  were  made  in  the  Laboratory 
machine  shop  to  accommodate  these  cups  and  the  material  for  the 
pressing  operation.  Paraffin  of  melting  point  li|.5®P  was  ob¬ 
tained  from  the  Standard  Oil  Co,  of  Hew  Jersey,  The  lithium 
hydride  purchased  from  Hayv;ood  Chemical  Co.,  Haywood,  N.  J. , 
analyzed  about  9?/^  lithium  hydride.  Material  previously  used 

v/as  furnished  by  the  Lithalloy  Go.  of  Few  York  City  and  analyzed 
only  ’jS”/,  lithium  hydride.  Test  pellets  prepared  by  pressing 
II4.O  grams  of  78^  lithium  hyd^'ide  and  22^  paraffin  in  a  metal  cup 
v/lth  a  If-O  gram  lead  weight  added,  reacted  for  ^-1/2  minutes  at 
Six  of  these  chemical- containing  cups  were  loaded  into  a 
I'ark  II  Mod.  2  Submarine  Emergency  Identification  Signal  case 
with  suitable  packing  as  shown  in  plate  1  of  Appendix  IIT.  Three 
of  these  False  Target  Shells  were  testeo  by  the  Sound  Division. 

The  units  v-ere  discharged  from  an  open  boat  in  the  Potomac  River 
at  ranges  hOO  -  55^  yards  from  the  sound  enuipment.  Each  shell 
gave  excellent  echoes  lasting  5  to  6  minutes. 

23.  Twenty-four  signal  cases  were  loaded  with  chemical 
pellets  as  above  described  with  the  exception  that  a  35  gram 
lead  weight  was  used  instead  of  a  itO  gram  lead  weight.  These 
"False  Target  Shells”  v/ere  testea  at  Key  ^vest  on  Dec.  51,  19U2 , 
the  submarine  R-lJi  and  destroyer  NOA  cooperating  (Appendices 

IV  and  V).  Echoes  from  the  chemical  pellets  varied  from  test  to 
test  in  quality  and  in  Intensity  although  in  some  cases  excellent 
comparison  echoes  i^ere  obtained.  Test  results  on  the  whole  were 
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encouraging  with  certain  modifications  of  the  "False  Target 
Shell"  indicated  as  necessary.  Reaction  time  of  the  pellet 
v^as  too  long  as  indicated  by  visual  observation  through  the 
per;' scope.  Sise  or  time  of  expelling  charge  should  be  altered 
to  reduce  the  noise  volume.  Possible  surface  observation  of 
the  air  discharge  of  the  signal  ejector  was  noted  as  a  disad¬ 
vantage,  This  might  possibly  be  remedied  by  water  discharge 
from  an  auxiliary  tank  with  air.  In  this  connection  it  was 
noted  that  the  "False  Target  Shell"  barely  cleared  the  muazle 
of  the  ejector  under  100  lb.  air  pressure.  This  shell  had  a 
volume  of  I92O  cc  and  v/eighed  225O  grams  or  a  density  of 
1,17  g/cc.  The  overall  weight  should  be  dropped  for  this  reason 
as  well  as  to  decrease  the  rate  of  fall  during  the  25  second 
period  between  ejection  and  time  of  i)ellet  discharge. 

studies  were  initiated  to  overcome  these  disadvantages. 
The  Bureau  of  Ordnance  authoriaed  the  Naval  Ordnance  Laboratory> 
Washington  Navy  Yard  to  work  on  the  development  of  expelling 
charges  of  lowei*  noise  level  (Reference  (i)).  The  most  import¬ 
ant  factor  brought  to  light  was  the  length  of  time  for  reaction 
of  the  pellet.  It  was  felt  that  this  was  the  primary  cause  of 
not  obtaining  better  echoes.  Tests  were  made  of  the  variation 
in  reaction  time  of  lithium  hydride -paraffin  pellets  with  per¬ 
centage  of  oaraffin,  paraffins  of  different  melting  point,  and 
hydraulic  pressure  used  In  pressing  the  material  into  the  metal 
cup  container.  These  results  are  shown  in  graphical  form  in 
plates  5  and  1|..  It  will  be  noticed  that  correspondence  beteeen 
similar  points  on  different  graphs  is  not  too  good.  Although 
these  points  in  most  cases  represent  averages  of  two  or  more 
pellets  individual  variations  due  to  mixing  in  small  batches 
causes  quite  wide  variations.  However,  these  granhs  indicated 
that  50$^  "Gulfwax",  H.P.  12^  -  127®P  and  'fQ%  lithium  hydride 
pressed  at  a  pressure  of  likOO  p.s.i.  v/ould  be  suitable  with  a 
reaction  time  of  about  three  to  seven  minutes  dependent  upon 
water  temperature. 

25.  The  modified  ctiemical  loading  resulting  in  a  -weight 
saving  of  about  I4.5  grams  In  the  total  weight  of  the  shell.  Fur¬ 
ther  reductions  in  v/eight  were  effvclt  d  by  lightening  the  pack¬ 
ing  and  by  replacing  the  brass  nut  holding  the  base  assembly  to 
the  tube  by  an  aluroinum  nut.  Shell  weight  was  reduced  from 
2250  granis  (1|.96  lbs.)  and  a  density  of  1,17  g/cc  to  2065  grams 
l^s*)  aiTtd  a  density  of  I.O75  g/cc.  Effective  weight  in 
sea  water  of  densiwy  1,025  g/cc  v/as  95  grams  or  approximately 
one  fifth  of  a  pound.  Twenty-five  FTS  with  the  above  modifica¬ 
tions  were  prepared  at  the  Laboratory  and  tested  at  New  London, 
Conn,  (Anoendix  VI  and  VII).  Tests  v/ere  conducted  by  the  USS 
SEMPES  (ACaii.)  and  the  TJSS  CACHALOT  (TJSSI70).  Excellent  echoes 
of  the  same  nviality  and  intensity  as  the  submarine  were  obtained. 
Differentiation  of  the  echoes  could  be  made  by  a  trained  sound 
oners tor  though  the  Doppler  effect  i.e,  change  In  frenuency 
of  the  echo  due  to  the  motion  of  the  echo-ranged  target,  the 
bubbles  hav:1ng  no  motion  gave  no  change  in  pitch  to  the  echo. 
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In  the  particular  case  v/here  the  submarine  target  angle  is  90® 
the  submarine  has  no  Doppler  and  bubble  echo  and  submarines 
are  indistinguishable.  Evasion  runs  demonstrated  that  in  the 
case  T’here  two  or  more  FTS  are  fired  it  was  possible  to  confuse 
the  target  trace  recorder  operator  although  the  sound  operator 
v:’as  not  fooled.  The  shell  was  found  to  be  still  slightly  heavy 
as  evidenced  by  the  fact  that  a  few  fired  on  the  after  deck 
after  ejection  from  the  submarine. 

26.  All  prelimlnarv  tests  Indicated  that  the  noise  level  of 
the  black  powder  expelling  charge  in  the  FTS  was  too  high,  Mr, 

S.  P.  Lewis,  Ordnance  Engineer  of  the  Naval  Ordnance  Laboratory, 
Washington  Navy  Yard,  prepared  a  number  of  expelling  charges  of 
smokeless  powder.  These  charges  were  sonically  tested  at  New 
London,  Conn,  (Appendix  VIII).  The  use  of  reduced  charges  of 
smokeless  powder  gave  a  marked  reduction  in  sound  intensity  of 
the  expelling  explosion. 

27.  In  accordance  v/lth  References  (1)  and  (j),  the  Naval 
Ordnamce  Laboratory  furnished  the  Maval  Research  Laboratory 
with  50  shell  cases  and  modified  expelling  charges  for  chemical 
loading.  Twenty-five  of  these  shell  cases  were  loaded  as  pre¬ 
viously  and  twenty-five  were  loaded  v'ith  the  chemical  mixture 
to  v/hlch  1%  Aerosol  OS  by  v/elght  had  been  added.  The  addition 
of  the  wetting  agent,  Aerosol,  was  found  to  improve  bubble  size 
and  in  addition  to  give  more  uniform  reaction  time  over  a  temper¬ 
ature  range,  A  complete  description  of  method  of  manufacture  is 
given  in  Appendix  III,  These  shells  were  tested  in  conjunction 
w'ith  the  deep  submergence  dive  of  the  USS  BALAO  (SS285)  off 
Portsmouth,  N,  H.  (Appendix  IX).  FTS  fired  at  a  depth  of  500 
feet  gave  excellent  echoes  persisting  for  ten  minutes. 

PRESENT  STATUS  OF  THE  PROBLEM 


28.  Because  of  the  frequency  of  derangements  reported  for 
the  present  ejector,  the  Portsmouth  Navy  Yard,  Portsmouth,  N.  H. , 
has  undertaken  design  of  a  new  ejector.  This  gun  will  be  of  an 
airless  ejection  type. 

29.  The  Bureau  of  Ordnance  has  agreed  to  handle  manufacture 
of  PTS.  Specifications  have  been  draxm  up  and  a  manufacturer 
contacted.  It  is  expected  to  manufacture  initially  5SOO  shells 
to  be  furnished  to  anti-submarine  warfare  units  and  sound  schools 
for  training  purnoses  and  to  ammunition  depots  and  submarine 
bases  for  those  submarine  co^'-manders  who  wish  to  use  them,  A 
confidential  supolcrent  to  ordnance  pam.phlet  725  ’’Ships  Pyro¬ 
technics on  use,  method  of  firing,  safety  precautions,  and 
storage  of  PT.S  has  been  prepared  by  the  Laboratory. 

BTBLirGRAPHY  -  Information  bearing,  on  this  report, 

1.  USS  SEMMES  to  NRL,  C-s68/ss,  dated  May  I7,  I9li5.  Orig. 
file  AG2Il/s68/(027 ) .  Information  on  deep  water  tests  of 
PTS  at  Portsmouth,  N.  H.  ,  on  April  27,  19J'-5. 

2.  Ordnance  Specification  No,  27II.  Governing  manufacture  of 
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False  Target  Shell  Mark  I,  dated  June  9*  3.9^3* 

3.  Memorandum  to  HRL,  C-s68/ss{l!-52 )  >  dated  May  1^,  19^4-5. 

Information  on  preparation  of  False  Target  sheila  at  NRL. 

I4-.  Memorandum  to  NRL,  C-568/ss(  14-52 ) »  dated  May  1914-3* 

Deep  water  sound  tests  of  False  Target  Shell  at  Portsmouth, 
N.  H.  on  April  27,  19U3* 

5.  Memorandum  to  NHL,  C-Sd8/ss(I-i52)  ,  dated  March  29,  19i4-5* 

Sound  tests  of  varied  expelling  charges  in  False  Target 
Shell  at  Me?,'  London,  Conn,  on  March  25,  19^^!-3* 

6.  KRL  to  Corasublant,  C-S68/SS(220) ,  dated  April  I9,  19^4-5* 
Request  for  test  to  determine  sound  data  and  deep  water 
test  of  PTSo 

7*  NRL  to  BuShlps,  C-s68/sS(220)  ,  dated  April  13,  19J^!-3. 

Recommending  deep  water  test  of  PTS  and  gun  design  modi¬ 
fication. 

8,  USS  SEMICSS  to  URL,  C-368/SS,  dated  March  I6,  19)j3*  Orig, 
file  AG2}i/s68/(0l6) .  Service  test  of  PTS  at  New  London, 

Peh.  25  to  March  10,  19J'3» 

9»  USS  CACHALOT  to  Comsublant,  C-S68/SS,  dated  March  6, 

Orig.  file  SSI7O/AG-3.  Service  test  of  PTS  at  New  London, 
Feb.  25  -  27,  iqk3. 

10.  Comsublant  to  NRL,  C-S68/SS,  dated  March  30,  19i4-5*  Orig. 
file  368/(0390) «  First  endorsement  to  CO  SEMflES  Itr. 
AG2l4./s68/{Ql6)  of  March  I6,  19)4.3. 

11.  Anti-Submarine  Unit  Boston  to  NRL,  C-S68/3S,  dated  April  13, 

Orig.  fl5.e  s68.  Serial  0293.  Second  endorsement  to 
CO  SEIZES  Itr.  AG2i4./s68/{Ol6)  of  March  I6,  19i4-5. 

12.  NRL  to  Cominch  U.S.  Fleet  (ASW)  via  Chief  BuShlps, 
C-'Sd8/sS(220)  ,  dated  May  ILi-,  I9i4.5»  Third  endorsement  to 
CO  SEMs5ES  Itr.  AG2i4./s68/(Ol6 )  of  March  I6,  I9U5. 

13.  Memorandum  to  NRL,  C-568/ss(221) ,  dated  March  3>  iqM* 
Service  test  of  FTS  at  New  London,  Feb,  25  -  27,  19ll5* 

li4..  Memoranda  to  Coradr.  H.  A.  Ingram  (330)  from  P.  M,  Varney. 
BuShips  (5I4.7V),  C-S68/SS,  dated  March  5,  19i4-3»  Service 
test  of  PTS  at  Nev'  London,  peb,  25  -  27,  19)4-3 • 

15*  Memorandum  to  NRL,  C-s68/SS(ll52 ) »  dated  March  10,  19iL3» 
Service  test  of  PTS  off  New  London,  Feb,  25  -  27,  19)4-3. 

16,  Director  NRL  to  Comsublant,  C-s68/s5(220) ,  dated  Peb.  20, 
19)4.5.  Suggested  program  for  service  test  of  FTS  at  New 
London, 

17.  BuShlps  to  Comsublant,  Orig,  file  C-SS/A16-3( 3)j-7)  ?  dated 
peb.  6,  19)’3.  Suggesting  service  tests  at  New  London. 

iS.  BuShips  to  Comsublant,  C“S68/SS  dated  Feb.  12,  19)4-3. 

Orig.  file  C-SS/a16-5(  3)'.7)  •  Notes  on  Key  West  service  test. 

19.  BuShips  Itr  to  Buord,  C-S08/SS,  dated  Jan,  23,  19)'3.  Orig. 
file  C-R5A16( 330) ,  Requesting  that  NOL  (Wash,  Nyd)  be 
authorized  to  modify  expelling  charge  and  furnish  NRL  with 
50  shell  cases  and  modified  charges  for  shell  loading, 

20.  BuOrd.  Itr  to  NOL  (Wash,  Nyd),  C-S68/SS,  dated  Feb.  2,  19)!3* 
Orig.  file  570-l{9)Re2e.  Serial  02-3-9*  Authorizing  above 
request. 

21.  Comsubdiv  12  to  BuShips,  C-S69/SS,  dated  Jan  5-*  19)l3.  Orig. 
file  A16.-3/s68.  serial  07,  Service  test  of  PTS  at  Key 
Vest,  Dec.  31,  19)42. 
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22.  Comservron  9  to  Chief  EuShips,  C-S68/SS»  dated  Jan.  8-# 

Orlg.  file  NC7v'«68- V( JBS:rds).  Serial  02,  First  endorse¬ 
ment  to  Comsubdiv  12  conf.  Itr.  Al6-5/s68,  Serial  07,  dated 
Jan,  5, 

25.  Comsublant  to  BnShlps,  C-s68/ss,  dated  Jan.  l3,  19i|.5.  Orig. 
file  S 68/(087).  Second  endorsement  to  CSD12  conf.  Itr. 
A16-5/s68,  Serial  07»  dated  Jan.  5# 

2I1..  KRL  to  BuShlps,  G -368/53 (220 ) ,  dated  March  I9,  19li5» 

Third  endorsement  to  03012  conf.  Itr.  Al6- 5/568,  Serial  07, 
dated  Jan.  5»  19^3. 

25*  Memoranduni  to  NRL,  C-S68/SS (i;52 ) ,  dated  Jan,  15>  19i4-3*. 
Service  test  of  PTS  at  Key  West,  Dec.  5I#  lSh2, 

26.  Memorandum  to  NRL,  G -S68/SS(  14-52 ) ,  dated  Jan,  5»  Rate 

of  fall  of  bubble  generating  pellets. 

27.  BuShips  to  Comsublant,  Orig.  file  C-SS/A16-5( 330 ) »  dated 
Dec,  16,  I9I42.  Requesting  test  of  FTS. 

28.  BuShips  to  NRL,  c-s68/ss,  dated  Dec.  12,  19li2.  Orig.  file 
C-SS/A16-5(275) »  Serial  012-lk-10.  Authorizing  letter. 

29.  BuShips  to  NRL,  L1-2/EH2 814-5,  dated  Jan.  26,  19li-5»  Orig. 
file  SS/A16-3(275 ) *  Expansion  of  authorization. 

30.  Memorandum  to  NRL,  C-s68/ss(l!.52 ) ,  dated  Nov.  6,  I9I12. 

Potomac  River  sound  tests  of  bubble  pellets. 

31.  BuShips  to  NFOj,  C-s60/SS,  dated  Nov.  6,  I9I12.  Orig.  file 
33198/370(515).  plans  of  Emergency  Identification  Signal 
Elector  SSl9o-200, 

32.  NRL  to  BuShips,  C-S63/S(l!71)  ^  dated  Nov.  7*  19l|2.  Report 
of  preliminary  test?  of  bubble  pellets  on  Potomac  River, 

33.  Memorandum  to  NRL,  C-s63/S5(k71 ) »  dated  Nov.  5,  19l|2. 

Report  of  test  of  bubble  pellets,  Nov.  5»  19li2,  on  Potomac 
River. 

5k.  Coord  to  NRL,  C-S63/SS,  dated  Oct.  2k,  19l|2.  Orig.  file 
SCA8-3/EF13j- JTB,  Serial  OIO27-7.  British  information  on 
Plllemverfer, 

35*  Memorandum  to  NRL,  C-s63/ss(i'71 ) »  dated  Oct.  25,  19142. 

Sound  test  of  various  chemicals  as  bubble  producers,  rotorcac 
River,  Oct.  25,  19^2. 

56,  Memorandum  to  NRL,  C-S63/SS(1'.52) .  Review  of  preliminary 
investigation  of  bubble  problem. 

57*  Coord  rocD  to  BuShips,  C-S68/SS,  dated  Oct.  10,  19k2,  Orig. 
file  (SC)S66-JTB,  Serial  01015-11.  Development  of  submarine 
evasion  device  -  reauest  for 

38.  BuShips  to  NRL,  C-S68/SS,  dated  Oct.  1,  I9k2,  Orig.  file 
C”SS/A16-5(  314-0) ,  Serial  OIO5-II.  Request  for  development 
of  bubble  screen  pellets. 

59.  Memorandum  BuShips  to  Corainch  U.S.  Fleet,  C-S63/SS,  dated 
Aug,  k>  I9I42.  Orig.  file  C-SS/A16-3(  5k0) .  Serial  O85-I3. 
Information  on  informal  tests  at  NRL  and  requirements  of 
a  bubble  screen. 

i+O,  BuShips  Itr  to  Coord  R5:D,  C-S68/SS,  dated  Aug.  1,  1942. 

Orig.  file  C-ENl-22/Aii(3l!0).  Reauest  for  information  on 
possible  bubble-producing  chemicals, 

kl.  VCNO  to  BuShips,  Orig  file  Op-12-2 (SC )A16-3(25)/EP30, 

Serial  02k689l6,  dated  Oct.  15,  19i'2,  ''pillenv/erfer " 
information. 
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Ii2.  OpFav  to  BuShips,  S-EP^Oj  dated  Aug.  J,  19^2.  Orig.  file 
OP-I6-F-9  {SG)a8-2/eP50.  Serial  OI962U6.  Copy  of  D.N.I. 
Admiralty  Itr.  KIDl/PVif/222/I}2 ,  dated  July  2k,  I9l|2. 
"pillenworfer "  information. 

lj.5*  Phil,  Mag.,  19*  llii.7-115i(1955)*  Destructive 

Mechanical  Effects  of  the  Gas-Bubbles  Liberated  by  the 
passage  of  Intense  Sound  Through  a  Liquid”  by  p.  D.  Smith. 
hk-  Ordnance  pamphlet  No.  Ships  Pyrotechnics,  Aug.,  1957* 

Ii-5.  NRL  file  C-s68/sSj  NAA  London  Report  No.  A929-l|2  of  Nov.  16, 
19l|2,  Orig.  file  C-EP15-(1)>  Serial  01205171.  British 
information  on  Pillemverfer  design. 

1|.6.  NRL  file  C-EZI/6,  NDRC  Report  GU-sr20-526,  dated  Oct.  22, 
19142.  "The  Rate  of  Rise  and  Diffusion  of  Air  Bubbles  in 
water"  by  C.  L.  Pekeris. 

i4-7*  NRL  file  C-EZ1/6,1,  NDRC  Report  6, lsr51~5l'7#  dated  Peb, 

18,  19lj-5»  "progress  Report  on  Role  of  Bubbles  in  the 
Acoustic  Properties  of  Wakes"  by  J.  Wyman, 
lj-8.  NRL  file  C-EZI/6.1,  NDRC  Report  No.  6.1sr50-751,  dated 
Peb.  19>  19l'5*  "Effect  of  Turbulent  JTotion  on  Rate  of 
Rise  of  Wake  Bubbles"  by  T.  C.  McNown. 

U.9,  NRL  file  C-EZl/11,  OSRD' Report  No.  1258,  dated  March  k,  19k5^ 
"Dispersion  of  Exhaust  Gases  in  Sea  Water"  by  W.  H.  McAdams. 
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November  6 »  19^+2 


IJE'ORArDtJI!  to  the  Director 

Subject;  Sound  Test  of  pellets  for  Making  Bubble  Screens* 

A  preliminary  test  of  bubble  producing  agents  was 
conducted  in  cooperation  with  the  Sound  Division  on  October 
25.  The  compounds  used  included; 

1,  calcium  carbide,  generating  5  cu*ft.  of  acetylene 
per  pound 

?.  mixed  sodium  and  potassium  peroxides  yielding  3  cu.ft* 
of  oxygen  per  pound 

3.  dry  ice,  yielding  10  cu.ft.  of  COc  per  pound 

lithium  hydride,  yielding  cu.ft.  of  hydrogen  per 
pound. 

The  first  three  compounds  were  used  in  approximately 
the  quantity  that  could  be  packed  in  a  submarine  signal  ejector; 
only  about  a  quarter  pound  of  lithium  hydride,  however,  was 
available  for  the  teat. 

None  of  the  echoes  returned  by  these  bubble  screens 
could  be  considered  satisfactory.  Best  results  were  obtained 
with  lithium  hydride,  which  in  view  of  the  small  v;eight  used, 
v/as  considered  most  nromlsing.  Viith  the  arrival  of  ten  pounds 
of  this  material  on  October  26,  work  was  resumed  on  methods  of 
processing  with  these  ends  in  view  - 

1.  production  of  many  fine  bubbles  rather  than  of  a 
few  large  ones. 

2.  retardation  of  reaction  rate  to  5-IO  minutes  per  unit. 

3.  delay  of  initial  reaction  for  about  3  minutes  after 
imr.-erslon. 

1;..  use  of  numerous  small  units  of  bubble-producing 
agent  rather  than  of  one  large  unit  per  charge, 

A  second  test  was  made  with  the  sound  Division  on 
November  3.  Two  charges  of  6  ’’pellets"  each  were  used  in  this 
case.  Each  pellet  consisted  of  a  '^0%  LiH,  30^  high  M.P.  paraffin 
cake  pressed  at  2800  psl  and  paraffin-sealed  in  a  3”  x  3"  28 
gauge  galvanized  iron  cup.  A  7  circle  of  filter  paper  was 
sealed  to  the  pellet  by  pouring  hot  paraffin  around  the  inside 
edge  of  the  can.  This  served  as  a  delay  mechanism  by  retarding 
contact  of  water  with  the  lithium  hydride.  Time-delay  varied 
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trcm  a  half  minute  to  mlnutea  dependent  unon  the  area  of 
filter  naper  untouched  by  paraffin.  Each  pellet  evolved  15 
cu.ft.  of  hydrogen  in  a  stream  of  fine  bubbles  over  6-7  minute 
period. 


The  first  charge  of  6  nellets  was  dropped  into  the 
river  at  a  noint  ! 00  yards  distant  from  the  sound  eaulpment. 

The  pellets  were  spaced  about  5  f8«t  apart  and  probably  reached 
bottom  (25  ft.  depth)  in  30  seconds.  First  surface  gas  evolu¬ 
tion  was  noticed  in  2  minutes  and  all  surface  bubbling  ceased 
at  13  minutes;  this  time  agreed  with  the  sound  observations. 

The  second  charge  was  dropped  in  the  same  manner  with  the  bubbles 
first  sighted  at  1-1/2  minutes.  The  sound  apparatus  showed  time 
of  evolution  to  be  20  minutes. 

The  Sound  Division  reported  the  echoes  to  be  sharp  and 
solid  of  approximately  the  seme  intensity  as  that  of  the  con¬ 
crete  pier  of  the  railroad  bridge  center  span.  In  view  of  these 
encouraging  results  prenaratione  are  being  made  for  a  deep-water 
test.  By  this  test  it  is  hoped  to  definitely  fix  the  optimum 
density  of  the  pellets  and  also  to  test  reproducibility  of  re¬ 
sults  with  pellets  made  under  probable  manufacturing  conditions. 


R.  R.  Killer 


D.  S.  Burgess 


CONFIDEMTIAL 


2 


APPENDIX  I 


C-Sb8/SE()'71)Wc 


APPENDIX  II 


^  Noveaber  19i|2 


MEKOMNDTJIJ  FOR  DIRECTOR 

Subject:  Sutanarlne  Evasion  of  Detection  Device  -  Bubble 

Screen  Emitted  by  Submarine 

Reference:  (a)  Memorandum  on  above  subject  of  25  October 


1,  Based  on  the  experience  gained  in  the  tests  de¬ 
scribed  in  refoi’*ance  (a),  the  chemistry  Department  made  up  a 
set  of  twelve  one-half  pint  cans  containing  Lithiuip  Hydride, 

LiH.  One  face  of  the  can  was  covered  «:lth  one  or  more  layers 
of  filter  paper  which  in  turn  was  partially  covered  by  a  layer 
of  paraffin  leaving  a  circular  area  near  the  center  through 
v;hlch  the  water  could  penetrate,  Ihis  device  determined  the 
time  delay  after  ejection  before  the  cans  would  begin  to  emit 
bubbles. 

2.  The  echo-ranging  setup  was  essentially  the  same  as 
that  of  25  October  except  that  the  range  to  the  boat  was  apnroxi- 
mately  585  yards.  Two  tests  were  made.  In  the  first  test,  six 
cans  were  dropoed  about  five  feet  apart  along  the  side  of  the 
boat  which  made  an  angle  of  about  50®  with  the  axis  of  the  sound 
beam.  In  the  second  test,  the  line  on  which  the  cans  were 
dropped  was  perpendicular  to  the  axis  of  the  sound  beam, 

5.  Excellent  echoes  were  obtained  during  each  test. 

The  intensity  of  the  bubble  screen  echoes  v'er-e  about  two 
decibels  below  the  intensity  of  the  echo  obtained  from  the 
center  pier  of  the  railroad  bridge  at  a  range  of  6OO  yards. 
Allowing  for  the  difference  In  range,  the  absolute  difference 
in  intensity  was  about  five  decibels.  The  width  of  the  flash 
on  the  range  indicator  extended  from;  585  approximately  I|JL0 
yarde  being  somewhat  wider  than  the  actual  spacing  of  the  cans 
because  there  was  a  fairly  strong  wind  and  current  which  caused 
the  bubble  screen  to  spread  out.  The  cans,  however,  were 
v/eighted  slightly  so  that  they  remained  on  the  bottom.  The 
bubbles  came  up  and  broke  the  surface  and  seemed  to  v  ary  in  size 
from  generally  small  ones  of  a  quarter  inch  or  less  in  diameter 
to  an  occasional  large  one  which  might  be  two  inches  or  more  in 
diameter.  The  cans  remained  on  the  bottom  because  the  initial 
range  was  very  consistant  at  5O5  yards.  The  cans  did  not  start 
or  stop  at  the  same  time,  therefore,  the  echoes  were  obtained 
in  the  first  test  for  approximately  fifteen  minutes  and  in  the 
last  test  for  nine  minuter.  The  final  echoes  in  the  last  teat 
were  evidently  obtained  from  a  single  can  because  the  echo 
narrowed  down  to  a  band  about  five  yards  wide  at  a  range  of  i[.00 
yards.  In  spite  of  the  relatively  narrow  width,  the  intensity 
of  the  echo  was  within  a  decibel  of  that  received  when  all  the 
cans  were  bubbling.  Of  the  two  experiments,  the  first  gave  a 
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screen  which  had  considerable  depth  wiUi  respect  to  the  s:tia  of 
the  sound  beam  and  the  other  one  a  greater  width*  TJiis  great 
width  appeared  to  give  a  slightly  better  echo  although  the  dif¬ 
ference  was  not  great. 

4.»  Results  of  this  test  were  so  satisfactory  and  the 
echoes  so  strong  that  it  is  believed  they  would  definitely  con¬ 
fuse  an  attacking  ship  and  if  a  screen  could  be  laid  down 
comparable  in  length  to  that  of  the  submarine,  it  might  well 
escape  behind  the  screen*  Unless  the  operator  was  thoroughly 
experienced,  he  would  not  be  able  to  distinguish  the  bubble 
screen  echo  from  the  submarine  hull  echo*  “rhe  writer  was  unable 
to  determine  any  consistent  difference  in  quality  with  either 
a  CW  or  a  freouency  modulated  CW  screen* 

5*  It  is  proposed  to  repeat  these  tests  in  about  two 
weeks  in  more  open  water  near  Piney  Point,  and  if  these  tests 
are  equally  successful,  to  make  up  a  batch  of  cans  for  a  test 
on  an  actual  submarine. 


E.  B.  STEPHENSON 
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C  -s68/ss  ( k52 :  JAO  )mflp 


May  15,  I9I1.3 


MEMORANDUM  to  the  Director 


Subject:  Information  on  preparation  of  "False  Target 

Shells"  at  Naval  Research  Laboratory. 

Enclosure:  (A)  One  Figure 

(P)  One  plate 

1.  Since  considerable  interest  has  been  shown  in 
possible  manufacture  of  "False  Target  Shells"  for  Service  use, 
it  was  thought  advisable  to  prepare  a  brief  of  the  methods  used 
at  the  Laboratory. 

2.  The  device  known  as  "False  Target  Shell"  is 
essentially  the  same  as  the  Mark  2  Mod.  2  Submarine  Emergency 
Signal  except  as  to  contents  and  weight.  Of  slightly  negative 
buoyancy  it  contains  six  metal  cups  of  a  lithium  hydride-paraf¬ 
fin  mixture  designed  to  generate  fine  bubbles  of  hydrogen  on 
ejection  from  the  signal  case.  This  bubble  cloud  serves  as  a 
false  target  for  submarine  echo-ranging  attach  approach, 

METHOD  OF  PRT.PA RATION  OP  CHEMCAL-CONTAINI^^O  CUPS 


3.  Lithium  hydride  (analyzed -about  97^  pure)  as 
received  from  Maywood  Chemical  Co.,  Maywood,  New  Jersey,  varies 
from  0,2  to  0. 5  inch  in  particle  size.  The  material  used  should 
analyze  95^  better,  i#e.  evolve  at  least  2680  cc.  of  hydrogen 
per  gram,  *  The  lithium  hydride  was  ground  to  approximately  lO-ll; 
mesh  (U.  S.  Standard  Sieve)  by  passing  through  a  Brauns  Semple 
Orinder  (gyrating  cone  type).  A  typical  particle  size  analysis 
is  given  below. 


U.  S.  Standard  Sieve  Opening  orams  of  %  by  Weight 
Sieve  "  'in  Inches  !?a^erial  ‘  61'  fetal 


5-4 

0.187-0,250 

10 

U.-0 

0,132-0,187 

8k 

6-8 

8-10 

0,09i[.-0.152 

0,079-0,095. 

i8l 

86 

10-20 

0,033-0,079 

331 

20-30 

0.023-0,033 

77 

50 

0,00  -0,023 

275 

1,0 

8,0 

’j.'u 

26,2 


There  should  be  no  material  larger  than  three  mesh,  and  no  more 
than  '%  should  be  retained  on  a  It-  mesh  screen,  A  maximum  of  30?^ 
is  allowable  on  material  passing  a  30  mesh  screen.  Grinding  as 
■well  as  all  other  operations  should  be  carried  out  in  a  dry  room 
with  all  possible  water  and  fire  hazards  removed. 
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U*  Batches  of  595  grama  of  the  ground  lithium  hydrida 
were  \v6ighed  Into  half-gallon  K&s<xi  jars  and  8.5  grams  of  pow¬ 
dered  Aerosol  OS  (American  cyanamid  Co.)  added  and  thoroughly 
mixed.  The  rnsterial  was  then  placed  In  an  oven  at  90-95*0.  and 
allowed  to  stand  at  least  four  hours.  Each  batch  was  then 
poured  into  a  four  liter  Pyrex  beaker  containing  255  grams  of 
molten  "Oulfwax"  paraffin  (M.P.  125-127®P.)  and  vigorously 
stirred  for  a  few  minutes.  While  still  warm  sixteen  such 
batches,  each  constituting  a  little  more  than  a  shell  loading, 
were  mixed  in  a  wooden  trough  until  thoroughly  cool.  The  mix¬ 
ture  of  a  l.Oj^  Aerosol,  69. 5??  of  lithium  hydride  and  29*7^ 
paraffin  was  weighed  in  units  of  15^  grams  Into  quart  Mason  jars 
in  readiness  for  the  pressing  operation. 

5.  A  seamless  drawn  tinplate  cup  of  2-5/)jl  inches  out¬ 
side  diameter  by  1-7/8  Inches  body  height,  containing  a  50  gram 
lead  weight  1"  x  l-l/V’  x  1/8”  centered  in  the  bottom  of  the  cup, 
was  fitted  into  the  bottom  of  a  hardened  steel  die  (Fig.  1).  A 
133  gz’am  unit  of  chemical  was  poured  in  the  top  of  the  die  and 
worked  down  with  a  spatula.  The  die  was  placed  in  a  hydraulic 
press  and  the  chemical  pressed  into  the  cup  under  a  total  static 
pressure  of  13  tons  (iii+00  lbs.  per  square  inch).  Each  chemical- 
containing  cu->  weighed  I98  +  3  gparas.  Six  such  cups  were  loaded 
into  a  Mark  2  Mod.  2  SubmarTne  Emergency  Identification  signal, 

METHOD  OF  LOADING  SUBMARINE  SIGNAL  CASE 

6.  The  Mark  2  Mod.  2  Submai’ine  Emergency  Identification 
Signal  without  signal  contents  was  used  with  two  modifications: 
(1)  the  brass  nut  (Dr.  No.  152502pc7)  holding  the  base  to  the 
signal  tube  was  replaced  by  an  aluminum  nut  (Sta-Hot  Heater 
Corp. ,  Brooklyn,  N.  Y. ) ,  (2)  the  23  gram  black  powder  charge 

(in  bakellte  container  Dr.  No.  I636O6)  was  renlaced  by  a  20  gram 
smokeless  powder  charge  (as  modified  by  Mr.  S.  P.  Lewis,  Naval 
Ordnance  Lauui-atory,  v/ashington  Navy  Yard),  ^'ethod  of  loading 
(see  plate  1)  is  as  follows; 

(1)  Assemble  signal  cases  and  exoelling  charges  in  usual 
manner  with  modifications  as  noted  above. 

(2)  Insert  expelling  charge  block  in  signal  tube  with  fuse 
end  of  the  block  toward  the  base  of  the  tube  and  oowder 
charge  toward  the  open  end  of  the  signal  tube. 

(5)  place  a  I5”  x  5/8"  x  1/8”  corrugated  cardboard  strip 

(common  packing  case-  cardboard)  lengthwise  in  the  signal 
tube  as  far  as  the  powder  charge  block, 

1)4.)  Insert  six  chemical-containing  cups,  ooen  end  of  cup 
toward  open  end  of  tube. 

(5)  place  aluminum  disc  2-15/16”  x  1/32”  in  tube  flush  with 
the  top  of  the  last  chemical  cup  inserted. 

(6)  Cut  the  overhang  of  the  cardboard  strip  flush  vith  the 
aluminum  disc. 

(7)  insert  2  corrugated  cardboard  discs  2-13/16”  x  1/8”, 

(8)  Insert  8  to  10  cardboard  discs  2-7/8”  x  3/614-”,  sufficient 
to  make  a  tight  fit  v/hcn  the  nose  of  the  signal  is  in¬ 
serted. 
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(9)  seal  nose  with  marine  glue;  nose  may  be  heated  but  not 
the  signal  tube. 

(10)  stencil  in  1/2"  red  letters  "FALSE  TARGET  SHELL"  length¬ 
wise  along  the  signal  tube, 

COST  OF  MANXJFACTURE 

7#  Lithium  hydride  as  purchased  from  Maywood  Chemical 
CO.  by  the  Laboratory  cost  ftl5.00  per  pound.  "Gulfwax"  paraffin 
was  purchased  for  AO. 15  per  pound.  Signal  cases  were  obtained 
from  the  Bellevue  Magazine  at  no  cost  to  the  Laboratory.  The 
American  Can  Co,  furnished  the  seamless  drawn  cups  at  A36.OO 
per  thousand.  At  the  present  price,  lithium  hydride  would  more 
than  eaual  all  other  costs  in  production  of  "False  Target  Shells" 

8.  No  attempt  is  made  here  to  estimate  manufacturing  costs 
This  information  is  for  guidance  purposes  only.  Cost  of  manu¬ 
facture  will  depend  in  good  measure  on  the  number  required  and 
equipment  used.  Only  I50  shells  were  made  by  the  Laboratory 
method  described  using  hand-mixing  and  a  hand-operated  press, 
while  manufacture  on  any  large  scale  would  necessitate  power¬ 
processing  equipment. 


Jos.  A.  Grand 
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Legend  for  plate  I 


1,  signal  tube. 

2,  Nose. 

3,  Bakelite  expelling  charge  block. 

L\.,  Chemical-containing  cups. 

5,  Aluminum  disc  1/32*'  thick, 

6,  Cardboard  discs  1/8"  thick. 

7,  Cardboard  discs  5/6ii."  thick. 

8,  Cardboard  strip  15"  x  5/8"  x  l/3"« 
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Ai6-Vs68  Jan.  f-,  10);^ 

Serial  0? 
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Froffij 

Ifoi 
Via  I 


Sub  ject  I 


Rsfe rencei 


£ncloaur«i 


T^ie  Commander  submarine  Dlvlelon  Twelve, 

The  Chief  of  the  Bureau  of  Ships, 

(1)  Commander  service  squadron  Nine, 

(3)  Cotrananuer  subr.arlnes »  /itlar.tlc  Fleet, 

(5)  Naval  Research  Laboi^tory, 

Teats  of  Device  to  Generate  Bubble  clo.id  for 
Submfirine  Evasion  Tactics j  Report  of, 

(a)  BuShlps  Conf.  Itr.  C-SS/a16-5( th-vod 
December  16«  X$]2, 

^b)  Gomiublant  conf,  deep.  lOlS^O  of  pec.  19!i2. 
(o)  COBSublant  conf,  Itr.  Al6-V(09U5)  dated 
December  13^  19ii2. 

(A)  photograph  ta'.ven  d/rins  sabjee’..  tori"’, 

{B)  Suwaary  of  host  data  for  runs. 

(C)  Procedure. 


1.  In  accordance  with  references  (t',  (h)  and  (c),  teats 

of  the  subject  device  were  conducted  on  Pecember  "'■I*  Lt.  Cdr, 

A*  H*  Bullerd  end  Nr.  J.  A.  Grond  fiom  II.P.P.  and  Mr.  F.",  Vamey  of 
BuShlpa  were  oroaent  to  aealst  In  the  conduct  jf  these  tests  and  to 
witness  the  iHJSUlts.  The  teats  were  rrede  from  various  rant'ea  with 
the  submarine  at  pi'odeto mined  subnarlno  Peel  depths  :f  f)0  ft.*  135 
ft.  and  150  ft*  One  device  was  released  from  nerlacope  depth  fol¬ 
lowed  by  standard  Submarine  Frecrpency  Identif Icatlon  Ijncl  in  order 
to  compere  the  sound  made  by  the  axpioslon  of  the  signals  and  to 
compare  the  ejection  Impulse  buP’ le  with  the  jenei-atcd  bubble  cloud, 
ISie  procedure  outlined  In  enclosure  (C)  wae  deserted  from  In  order 
to  detaisslne  the  effect  of  double  end  triple  ejections  end  value  in 
evasive  taotles*  Thez*efore*  the  number  released  tit  the  deeper 
depth!  was  reduced  from  that  outlined  In  the  procedure. 


2*  la  order  that  this  report  may  be  understood  more  read¬ 

ily  by  reeders  to  whom  reference  (a)  is  riot  available,  the  following 
is  quoted  therefromi 

•1*  *^***Tha  devloe  was  Intended  to  parallel  or  Improve  on  the 
Oarman  »plllenwerfar* p  i^leh  Is  reported  to  have  effectively 
confueod  inexperienced  sound  operators. 

*2*  To  this  end  the  Kaval  Research  Laboratory  has  modified 
F4die  Mark  IX-2  SuTnsarlne  E&ergeney  identi float Icn  signal  replao- 
loi;  its  |Ntraol»it«  and  signal  element  with  six  cans  of  lithium 
h^Pl^«{>ai«ffln  mixture*  Thla  modified  identification  Signal 
le  intended  to  be  handled  and  ejeoted  from  the  submarine 
ezdstly  ee  In  the  identification  Signal  proper.  The  trlrger- 
priawr*fhee-aBd  pewde.*  charge  remaina  unchanged.  Twonty-aeven 
aeeonde  after  ejection  the  charge  kicks  the  cans  out  Into  the 
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Sub/tctj  T»?at8  of  Pevlce  to  "f/iProte  I-ubble  T  *  .  * 

.'uttnarlne  i-vasl^r;  Tectlca;  Henort  of. 


whLer;  aft«:  a  few  secont;?  t  Ta.  i-i!xture  fCi-lna  to  five  off  e 
rcesf-  ox  arall  bubtlea  xmd  oobtl'.-;  c-or.tlnuea  for  tbret-  nln- 
lite*.  (In  bheillo.-  v.ater  tests  tne  bubble  cloud  hca  flven 
good  echoes  from  five  to  eight  ninutes),  Tlif  unit  te  e  v.h  ale 
Binks  very  slowly  after  it  ie  ejected,  end  likewise  the 
loaded  cans  when  kicked  out  of  the  unit  sink  slowly  during 
the  bubbling." 

3.  Tlie  sutmarlue  was  able  to  view  the  eJectiouB  through 

the  'criBCope  and  reported  that  the  .aajorltjr  of  the  algnala,  upon 
ejection,  just  o It  area  the  gun  ana  dropped  on  the  deck.  The  case 
would  then  remain  erect  and  would  “walk"  beck  to  about  the  position 
of  the  after  marker  buoy,  at  whicii  point  It  would  e  xpl ode  and.  In 
gemrai,  would  tv.rov.  the  sir.all  canisters  clear,  or  they  would  be 
Iffijnedlatsl:’  washed  clear  by  the  water  flowing  ’s  st  the  ship.  How¬ 
ever,  In  on':  cese  a  small  canister  remalnod  on  deck  and  gave  off 
I  aa  for  at  least  30  Tnlr;ute8.  Tfie  bubbles,  ss  observt&u  from  the  sub¬ 
marine,  were  fewer  In  number  then  had  been  cxpt-ctfd  and  aonearod 
quite  small.  The  failure  of  the  devices  to  clear  the  aid*  of  the 
submarine  was  a  surprise  to  the  uorsonnel  from  Naval  Research  Lab¬ 
oratory  but  Is  explained  by  the  fact  that  Mr.  orend,  the  development 
engineer,  wlb  under  the  Irinresslon  that  .200  p.s.l.  Is  used  in  the 
ejector  rather  than  100  p.s.l.  One  of  the  7u  ejected  signals  sfSS 
a  dud  snd  was  recovered  on  deck  when  the  submarine  surfaced,  when  it 
was  Iraradlately  thrown  over  the  aide.  The  Commanding  Officer  of  the 
R-lI^  believes  that  the  devices  could  be  ejected  from  the  signal  gun 
at  a  maximum  rata  of  one  per  minute.  However,  such  rapidity  of 
ejection  was  not  attained  during  these  teats.  He  suggested  that  a 
speed  of  at  least  ^  knots  would  be  best  when  eJ®el^ihfi  lb  order  to 
insure  that  all  of  the  small  canleters  are  washed  clear  of  the  ship. 

lx.  Enclosure  (B]  is  a  tubulated  summary  of  results  ob¬ 

tained  on  each  of  the  16  runs.  The  range,  width  of  bubble,  width 
of  eubriarlne  and  intensity  of  echo  shown  are  those  at  the  best 
point.  Other  readings  ottained  on  the  ruhs  were  less  satisfactory 
than  the  ones  given.  The  Intensity  of  the  bubble  echo  and  the 
submarine  echo  are  given  for  comparison  purposes  between  these  two 
wohocs  only.  The  tint*  to  "lost  echo"  is  that  from  the  ejection  of 
the  first  shot  of  the  run  until  all  echoes  from  the  bubble  were 
lost*  Sound  conditions  were  very  good  throughout  the  day.  The 
R-lU  was  making  3  knots  during  the  tasts.  The  oxplop^on  of  the 
devices  in  such  close  oroxlmlty  to  the  subjnarlno  reeultcj  ^  high 
intensity  noise  being  heard  In  the  submarine.  In  many  oases  the 
explosion  of  the  device  was  heard  by  the  surface  ship  in  Its  sounfl 
equipment  snd  this  is  considered  a  drawback  since  It  makes  known 
to  the  surface  ship  that  a  device  f  soir.o  tcind  has  teen  actuated. 
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Subjects  Teat  of  DfiVicea  to  nenerete  Bubble  Cl'U'^  for 

Bubnisrlne  >vi,tl;;n  Tactics;  Be”o  rt  or.. 


In  vle»  cf  tiiw  isprove.’iient  uf  two  8h>ts  over  one  It  wee  oecltieci  to 
try  a  run  of  three  shots  on  run  No.  10.  .boo  to  <-clKy  In  loading, 
shot*  No.  1  and  2  were  fired  aa  a  double  but  the  i  Inal  ei'fect  of 
■hot  5  that  it  became  a  single  shot  with  no  con'^ection  between 
It  and  the  flrat  two;  the  latter  ere  therefore  reported  as  ron  lOe 
and  the  third  shot  as  run  lOh.  on  run  So.  11,  It  was  decided  to 
have  the  Koa  malce  an  actual  attack  on  the  R-li.  ?.'lth  the  subrrarlne 
using  evasive  tactics  and  usln/-  a  double  shot.  This  trpe  oi'  lun 
wit  not  included  in  the  procedure  and,  aa  a  result,  e  ”i suri  lerstand- 
l0|$  of  the  tlgnala  cauaed  the  «ub‘v,8rlne  ’■-'  f  I -c  t'.»j  cw-'  Uevicea 
too  early  Sn  the  attack  and  thay  vore  Ineffective  !n  ?  leading 
the  attacking  ship*  Due  to  the  llir  lted  norrhor  of  devlf-er. ,  th.Is 
run  waa  not  repeated.  On  run  So.  1^  the  surf  tee  ship  hoveired  over 
and  alightly  aatern  of  the  auhr.arlne  In  order  to  observe  the  effect 
of  surface  dltturbances  at  dose  range.  No  explosion  was  heard  hut 
It  was  believed  that  some  disturbance  was  noted  aft  of  t}'ve  surf  sea 
veaael.  This  ney  have  been  the  dud  rrentloned  sbove.  On  r»An  No.  l)i 
run  Ho«  15  was  repeated  except  thet  ths  surface  ship  wss  farther 
aft  along  the  track  of  the  submarine.  The  exoloslon  wbb  heard  and 
1  minute  20  aeconds  later  groupa  of  bubblea  anoroxlmetely  I4  IncViei 
In  diameter  rose  to  the  surface.  The  main  clo/J  coulc  be  aern  while 
•till  quite  deep.  One  minute  later,  that  la  2  minutes  20  seconds 
after  the  explosion,  a  large  cloud  of  bubl lea  surfaces  In  an  area 
eatl&jstad  as  10  yards  by  li  yards.  The  entire  phenorienon  was  sim¬ 
ilar  on  a  Bsaller  scale  to  that  observed  when  a  water  slug  Is  fired 
axid  was  scoompanled.  by  apparent  dlecoloretl  on  of  water,  Jue  to 
praaence  of  bubblea,  and  by  a  slight  turbulence  on  the  surface.  It 
la  to  be  emithasised  that  this  surface  disturbance  caused  by  the 
bubble  cloud  was  not  as  great  In  •nagultude  as  Is  thet  of  en  ordinary 
vatar  slug.  The  bubble  cloud  wes  visible  to  the  oprsonnel  in  the 
alx^ruft  becauaa  the  sea  was  calm  but  photo  ranhs  were  only  success¬ 
ful  in  ona  picture,  copy  of  which  is  enclosed,  enclosure  (a). 

One  immediately  apparent  drawback  to  this  device  is 
the  f«et  that  the  gas  liberated  Is  hydrogen  with  the  attending  nos- 
albtllty  of  explosion,  should  any  be  llbersted  in  a  confined  space 
At  would  happen  wor-s  one  or  the  devices  damaged  and  then  watted. 

Eftoh  davlee  releases  &0  cubic  feet  of  free  hydrogen.  It  is,  there¬ 
fore,  recommended  that  an  attempt  be  trade  to  utilise  leas  dangeroue 
gee  or  if  no  aulteble  aubstltutw  can  be  found,  that  careful  conslder- 
etion  be  given  to  this  matter  in  order  to  evaluate  the  potential 
denger  versus  possible  usefulness  of  the  bubble  cloud.  The  neces* 
for  ejeetln^  the  device  by  air  with  tne  resultant  Iroulae 
bubble  should  be  noted. 
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6,  It  wfti  the  consensus  that  st  the  nreaent  state  of  dev- 

eloppisnt  the  bubble  cloud  is  of  little  value  because  results 
Indicated  insufficient  echo  intensity  and  definition  are  obtained 
froK  the  bubble  cloud  to  seriously  disturb  any  underwater  sound 
operator.  It  is  recommended  that  a  form  of  shell  be  developed 
which  functions  without  an  explosion  charge  for  reasons  rasntloned 
above.  In  addition,  a  need  for  a  larger  end  pascibly  more  cospact 
babble  cloud  is  Ir.dlcated  and  while  the  nellet  which  gassed  x’or 
30  minutes  might  have  been  an  exception.  It  is  Quits  possible 
that  the  others  acted  In  the  oeme  manner.  It  la,  therefore, 
further  reoomr.ended  that  an  attempt  be  made  to  design  the  pellets 
In  such  a  fashion  t})ut  the  gas  Is  more  nulckXv  liberated. 


k.  flORRY, 


Copy  to  I 

BuEhlps  (hii'eot)  (^) 

Comlnch  (Readiness) 
Coordinator,  Res,  %  Devel, 
Coaaubron-7  (leas  Fnc,  (B)) 
Lantflt  A.f'.v. ,  Unit, 

7est  Coist  Sound  School, 

U/%  Sound  Lab,,  JfLC. 

R-lU  (less  Eno,  (B)). 

Noa  (Isas  Knd.  (B)). 
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;fble  clc'T5  test 
n,  19l;2 
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h‘0.  PtofH  (;()'’V!:*JTS  I 
0  OP  OF  (Ptfere  to  echo  from 
)  SHOTS  EPB. _ Bubble) 

1  60*  Echo  vei'y  muahy. 


1  00'  Echo  fairly  eharpj 

iiitenalty  eouel  to  tlmt; 
fror;  sub  for  short 
whl 1©  > 


2  60*  Bub,  echo  excellent 

thouih  t'let  from  sub 
b.aci  a  r ore  "mfitelllc*' 
cimlity;  Uisapueared 
then  reacnearod^  com- 
oai'fd  ffiv^rsbly  with 
sub;  "cho  jf  VR ry 
ah  irt  ■>,  j  ration 

1  fbi  •'(i.'f  :i‘  '"or  pun  Vo,  *5 


?.  6o *  ''us’ty  after  re»'.ching 

nf'uk;  h'or'l  shell 
cxplo  ie . 

1  60*  ?,'ushy  but  iFlth  fll^t 

quollty  )!'  tone  be¬ 
hind  the  mu eh, 

1  100*  rchoes  Intentlttent; 

neerd  shells  explode* 

1  100*  Good  vhlle  laeted^  but 

too  abort  I  heard  shell 
explode. 

2  100*  Tone  felr;  heard  sec¬ 

ond  shell  explode. 

2  100*  r.uoposod  to  be  ?  shells 

but  lonf  delay  between 
2nd  and  ^rd|  mushy 

1  100  *  Scratch  with  echo;  bo^ 

lit  ft  ^rd  bubble  deve¬ 
loped  a  distinct  triple 
echo  I  both  schoee  tnuel^ 
but  difficult  to  die- 
tinguleh  between  bubble 
after  end  of  aubi 
IT0TE»  Operator  nay  have 
confuaed  bubble  and  wak' 
of  sub. 


k:«o) 
TOT 

11.  i^OOC-  yds  to  sill!  at  start;  poor 
8ub,  no  t nt.fi rfor«nc.f>  by  cloud. 

IP.,  S(lw=  li,'-  ■  ..  lC 

Vj,1200  i'r  lit''  7 '3  Jt 

16a  it^O  Ii0‘’  55  6U 

yeke  ? 

'  ““  '••• 


RUN 

NO.  RA^ME 


ir.'TH  INTEN$TTY< 

rr^TTUB.'"  few. 
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TIME  TC 

NO. 

DEPTH 

COMVENTS ! 

LOhT  ECHO 

0? 

OP 

(Refers  to  echo 

(Minutes ) 

SH"'TS 

SUB. 

from  SUFBLE) 

sch  '>C8  from 

2 

100' 

Evasive  tactics; 
fired  too  soon;  no 
results. 

(^-l/l. 

2 

125’ 

I’Bord  explosion  of 

ahellj  different 
sound  Jecho)  from 
Jt  2,  harsh,  2nd 
harsh  to  r-.ashTi 
neither  echoes  fro!^ 
sub  or  cLoudi  very 
good. 

125’  Fired  underreatb 
Kurfeoe  ship;  no 
sl  'dit  no  sound. 

-  -  1^5'  F'rod  underneath 

surface  ship;  sight¬ 
ed  cloud,  heard  ex¬ 
plosion.  1*20’'  aft«r 
•-xnloslon  sfi»  group 
of  large  bubblee; 
2'?0**  after  explo¬ 
sion  large  cloud 
^feoprox.  10  yde.  bj 
u  yds. )  of  bubfclei 
eurfaced. 

7*li?^  2  150 ’  Heard  both  exploalon 

echoes  muffled  but 
aome  tone;  intensity 
from  aub  and  cloud 
aound  very  much 
alike. 

U'59"  1  peris.  Shell  fired  at  peiw 

lacope  depth  and 
did  not  break  the 
surface  I  echo 
quality  of  sub  and 
cloud  about  the  aaae 

-  Peris.Fit^d  black  asoka 
bomb  at  periscope 
depth;  resultent 
surface  dlstUT^enoe 
about  same  as  foi- 
cloud  shell  (due  to 
ejection  air}. 
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January  15#  19^5 


MEMOPvANDUK  to  the  Director 

Subject:  preliminary  Test  of  Device  to  Generate  Pubble 

Cloud  for  Submarine  Evasion, 

References;  (a)  BuShips  Itr,  C-SS/A16-3(  ?50)  oi*  December 

16,  19I42, 

(b)  Comsublant  confidential  Dispatch  181850 
of  December  19U2. 

Enclosures;  (A)  Suggested  program  of  Test  by  Dr,  E.  B, 

Stephenson,  Sound  Division,  NRL, 

(B)  Copy  of  Submarine  Division  Twelve,  serial 
Ol36,  Program  of  Tests, 

On  December  51#  19^  Lt,  Comdr,  R.  H.  Bullard  and 
Mr.  J.  A,  Grand  of  the  Laboratory  witnessed  preliminary  tests  at 
the  Fleet  Sound  School,  Key  West,  Florida  of  a  bubble  generating 
device  developed  at  the  Laboratory,  This  device  knom  as  a 
"False  Target  Shell"  is  essentially  the  same  as  the  submarine 
emergency  identification  signal  except  as  to  contents  and  weight, 
in  place  of  the  flare  in  the  submarine  signal,  the  shell  has  six 
pellets  of  a  lithium  hydride-paraffin  mixture  designed  to  gener¬ 
ate  sixty  cubic  feet  of  hydrogen  in  fine  bubbles. 

The  purpose  of  these  tests  was  the  determination  of 
the  quality  and  character  of  the  echoes  obtained  from  the  "False 
Target  Shell"  in  comparison  with  those  obtained  from  a  submarine 
under  various  service  conditions,  A  suggested  program  /^closure 
{AJ7  obtained  from  Dr,  E.  B.  Stephenson  of  the  Sound  Division, 
However,  upon  arrival  at  Key  West  it  was  found  that  an  excellent 
program  of  tests  Enclosure  (B^  had  already  been  formulated  and 
with  slight  modification  the  latter  program  was  followed  through. 

Test  party  aboard  the  Destroyer  NOA  comprised  Lt, 
comdr.  W.  Y.  Allen,  Commanding  Officer  of  the  NOA,  Commander 
W.  A,  Gorry,  Commander  Submarine  Division  Twelve,  Lt,  Comdr, 

J.  B.  Swain,  Materiel  Officer  of  the  Fleet  Sound  School,  Radio 
Elect.  S,  Burdock  and  R.K.2/c  J,  H.  pink,  School  instructors, 

Mr.  P.  M.  Varney,  Bureau  of  Ships  representative,  and  Mr.  Grand. 
Test  party  aboard  the  Submarine  R-li|.  comprised  Lt.  Comdr.  G.  W, 
Kehl,  Commanding  Officer  of  the  R-lIj.,  and  Lt.  Comdr,  Bullard. 
Sixteen  tests  were  conducted  with  twenty-four  shells.  The  re¬ 
sults  are  outlined  in  Table  I. 

At  the  conclusion  of  the  tests  Lt.  Comdr.  Kehl 
reported  that  "signals  on  ejection  just  cleared  the  gun  and 
di’opped  on  deck  to  about  the  position  of  the  after  marker  buoy, 
at  which  point  the  burster  charge  set  off  and  usually  threw  the 
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small  pellets  cleai*  or  they  would  be  washed  clear  by  the  forward 
motion  of  the  vessel  (5  knots).  However,  in  one  case  a  pellet 
remained  on  deck  near  the  after  stub  mast  and  bubbled  for  at 
least  30  minutes.  The  bubbles  were  fewer  in  number  than  was 
expected  and  seemed  quite  small;  so  small  that  it  was  believed 
they  would  not  be  seen  on  the  surface  except  in  a  glassy  sea. 

It  is  believed  that  the  signals  could  be  ejected  at  a  maximum 
rate  of  one  per  minute.”  Lt,  Comdr.  Kehl  pointed  out  the  fol¬ 
lowing  disadvantages  of  the  shell, 

1,  The  shell  doer  not  clear  the  submarine. 

Suggested  making  shell  lighter.  Stated  that  if 
required  to  ua«i  the  shell  in  its  present  form  he 
would  proceed  at  knots  instead  of  3  knots  as 
in  the  test. 

Explosive  charge.  The  shell  explosion 
sounded  tremendous  inside  of  the  submarine.  Ex¬ 
pressed  the  fear  that  this  noise  might  be  heard  by 
AS  craft, 

3,  Impulse  bubble.  The  air  excelling  charge 
might  be  seen  on  the  surface. 

Discussion  of  Results. 

Of  the  13  tests  in  which  auality  comparisons  were 
made,  seven  tests,  2,  3#  i-'-»  7»  S,  I5  and  16,  gave  echoes  whose 
sound  qualities  wei'-e  comparable  to  those  of  the  submarine.  Five 
tests  of  t’«elve,  namely  5»  ^  gave  echo  intensities 

of  bhe  same  magnitude  as  the  submarine  abeam.  No  indications 
were  found  of  quality  and  intensity  variations  of  bubble  echoes 
with  depth  not  also  observable  v;ith  the  submarine.  A  fairly 
satisfactory  width  of  bubble  screen  was  obtained  with  the  "False 
Target  Shell”  although  not  uniformly  as  great  as  that  of  a  sub¬ 
marine  abeam.  Good  compar  •.son  echoes  were  found  at  ranges  of 
600  to  1100  yards,  however,  at  I42O  yards  and  periscope  depth  the 
submarine  v;as  easily  distinguished  from  the  bubbles  by  an  echo 
of  much  higher  intensity.  Delay  of  bubble  generation  was  ap¬ 
proximately  one  minute  after  discharge  from  the  signal  ejector; 
duration  of  the  bubble  screen  was  then  about  5  minutes. 

The  mechanical  drawbacks  mentione  d  by  Lt.  Comdr. 

Kohl  are  points  well  taken.  First  and  most  serious  of  those 
mentioned  is  the  fact  that  the  shell  did  not  clear  the  submarine 
but  landed  on  the  deck,  preparation  of  these  shells  was  under¬ 
taken  with  the  information  that  the  shell  was  ejected  from  the 
signal  gun  with  200  lbs.  air  pressure  as  called  for  on  the  blue 
prints  of  the  ejector  for  Submarines  193-200,  The  signal  gun  on 
the  R-lli  was  designed  to  ooerate  on  100  lbs.  air  pressure.  The 
"False  Target  Shell"  was  undoubtedly  too  heavy  for  this  gun. 
However,  the  shell  mav  be  lightened  about  Qf  decreasing  its  den¬ 
sity  from  1.17  g/cc  to  1,08  g/cc.  It  is  a  matter  of  conjecture 
whether  a  shell  of  this  density  would  leave  the  gun  with  velocity 
sufficient  to  clear  the  deck  or  not  under  100  lbs.  air  pressure. 
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By  increasing  the  length  of  the  shell  (no  manufacturer  is  at 
present  set  up  to  do  this)  it  «rould  be  possible  to  adjust  the 
density  to  any  desired  value.  It  must  be  borne  in  mind  that  a 
shell  of  too  low  density  might  surface  on  ejection. 

The  second  objection  raised  by  the  Submarine  Com¬ 
mander  was  the  violence  of  explosion  of  the  burster  charge.  The 
violence  of  the  explosion  is  probably  augmented  b"^  exploding  on 
deck.  A  shell  that  cleared  the  submarine  (test  l6)  gave  very 
weak  response  inside  of  the  submarine  as  comoared  with  those  that 
exploded  on  deck.  Whether  the  same  thing  holds  true  for  echo 
ranging  response  whould  be  a  subject  of  further  test  before  vari¬ 
ations  in  Quantity  and  type  of  bursting  charge  are  tried. 

Elimination  of  the  third  disadvantage,  the  Impulse 
bubble,  ¥;ould  entail  modification  of  submarine  enulnment.”  By 
discharging  water  through  the  gun  from  an  auxiliary  water  tank 
by  air  pressure  no  impulse  bubble  would  be  liberated. 

Airplane  photographs  were  not  developed  at  the  time 
of  conclusion  of  the  test  so  these  results  are  unknown. 

Conclusions  and  Recommendations, 

The  test  results  are,  on  the  whole,  encouraging,  some 
modifications  at  present  are  necessary,  but  even  in  its  oresent 
form,  given  ideal  conditions ,  it  would  mislead  experienced  oper¬ 
ators.  yr.  Burdock  and  Mr,  I’inck,  the  sound  eauinmont  onerators 
for  the  test,  are  experts  in  their  field  and  yet  In  test  7  there 
was  some  confusion  as  to  differentiation  of  the  bubbles  and  the 
submarine.  However,  this  was  the  exception  rather  than  the  rule. 
It  is  recoinrended  that  in  future  testing  the  sound  operators  not 
be  apprised  as  to  the  nature  of  the  test  at  first  until  evasion 
runs  are  carried  out.  Work  is  oroce-eding  on  the  remaining  "False 
Target  Shells"  with  the  intention  of  droI)’^ing  the  density  as  low 
as  can  be  safely  permitted. 


J,  A.  Grand 
Chemistry  Division 
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TABLE  I 


Sub 

Test  Depth  Range 
No.  (fPt.)  (Yds) 


Min-Max  V/idth  Min-Max  intensity  No. of  Bubble 


1 

2 


I 


60 

60 

6o 

6o 

6o 

6o 


10 
11 
12 
1?  . 
ik 

15 

16 


614-0 

61-0 

680 

790 

920 

8S0 


100  1000 
100  86o 

100  760 

100  1100 

100  Evas. 

125  900 


in  Degrees 
Bubbles  Sub 

in  Decibe.ls 
Bubbles  Sub 

Shells 

Fired 

Echo  Dur¬ 
ation  (fain) 

5° 

•T 

15®-i8® 

62 

65-7k 

1 

5  (•?) 

10® 

10® 

-17® 

-15® 

10®-25® 

15® 

75-75 

59-69 

71-72 

1 

‘2 

k 

k-5A 

„9o 

13'^ 

§k 

65 

1 

2^1/2  • 

CO 

-10® 

90 

56-72 

69, 

2it 

k-1/2 

0^ 

-10° 

13® 

59 

59-97 

1 

k-1/3 

5° 

?)  V 

56 

63-65 

1^ 

3-1/2 

3° 

-8® 

12® 

68 

61-68 

lit 

2-1/2 

70 

-20® 

15® 

k6-59 

76^ 

Zit 

k 

10° 

-10® 

13® 

50-62 

62-69 

10 

125  0 

125  0  1 

2 

150  1100 

35  ' 


run  sub  fired  2  at  start.  Heard  on 

100-12°  II4.0  UT-ijS  56-66 

Nothing  sighted.  Heard  shell  fire 
-1/3  min,  after  firing  sighted  some 
-1/3  min.  sighted  cloud  of  bubbles. 
50-170  lio-lko  6^-78  79-85 

1420  50-150  35°-liO°&)  52-58  6k 


NOA»  disregarded. 
2*  2-2/5 

bubbles  rising. 
50  X  12  feet. 
2m  6-1/k 

lit  5-1/2 


*  Indicates  explosion  of  burster  charge  of  one  shell  heard  over 
sound  eouipment. 

Number  2,  a  dud. 

Notes  Test  11  evasion  run,  no  sound  data  taken.  Tests  13  St  ik 
were  shells  fired  directly  beneath  the  destroyer  to  make 
surface  observation  of  the  bubbles. 

1.  v;e8ther,  sky  overcast.  Sea  0-1.  vind  2  mph  N-NE. 

2.  Terp.  of  water,  75“77®F.  Density  of  water  78®P=l»02k  g/cc. 

5.  VJater  depth,  100  fathoms. 


Remarks 


1.  Very  mushy  echo. 

2.  Same  pitch  as  sub,  fairly  sharp  but  long  drawn  out. 

3.  Good  Intensity  and  comparison  echo.  No.  2,  Sub  more  metallic. 

4.  Very  good  echo  but  very  short. 

5.  Mushy  tone  to  echo. 

6.  Mushy,  faint  tone.  Inter!/ Ittent  strength. 

7.  Intermittent  (not  readily  distinguished  on  course  plotter). 

0.  Good  echo  but  too  short  a  time, 

9.  Pair  tone. 

10.  I'ushy  echoes.  (Difficult  to  tell  anything.  Wakes  ?) 

11.  Sub  located  6-1/2  mins,  later.  Sub  then  thought  run  over. 

12.  Not  very  definite.  Harsh  to  mushy. 

1I4..  1/2  to  4"  diameter.  Cloud  gave  fine  wake  appearance. 

15.  Oscillating  intensity.  Sounds  truffled.  Tone  through  muffle. 
Good  echoes.  Sub  and  buobles  same, 

16.  C-lear  metallic  echoes  from  bubbles  but  not  as  Intense  as  sub. 
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ENCLOSURE  (A) 


Suggested  program  of  Teat 
by  Dr.  Stephenson,  Sound  Division,  NRL 


No.  1  Submarine  at  100  ft,  on  steady  course,  speed  5  Kts. 
Destroyer  on  same  and  paralled  course  abeam  at  7OO 
to  1000  yds. 

When  good  echoes  from  submarine  are  obtained, 
destroyer  signals  submarine  by  supersonic  to  release 
1  shell  and  destroyer  tries  to  separate  echoes  from 
submarine  and  bubble  screen.  Noting  intensity  and 
quality  of  echoes  from  screen. 

No.  2  Repeat,  releasing  5  shells  at  ^0  sec.  intervals. 

No.  5  Repeat,  releasing  >  sheila  at  50  sec.  Reduce  time 

interval  to  I5  sec.  if  possible.  Speed  7  Kts. 

No.  It  Shoot  5  shells  at  short  intervals.  Speed  7  Kts. 

Make  sharp  turn  to  pub  submarine  on  far  side  of 
screen,  then  coast.  Note  loss  of  propeller  noise. 

No.  5  Shoot  5  shells  at  20  sec.  intervals.  Speed  5  Kts, 

Turn  and  continue  at  5  Kts.  Submarine  surface  and 
compare  notes  for  next  tests. 

No.  6  Destroyer  makes  depth  charge  from  1000  yds, 

NO.  7  Submarine  uses  any  desired  escape  tactics, 

NO.  8  Repeat  three  times  for  statistical  study. 

No.  9  Release  2  shells  for  Range-intensity  run. 
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Tests  of  Device  to  Generate  Bubble  Cloud  for 

Evasion  ']*actlc8 

Reference;  (a)  BuShips  Itr,  C-SS/ai6-3M30)  of  12-l6-l|2. 

(b)  comsublant  dispatch  I8185O  of  December  19i|2, 

Ships;  r-14  and  NOA 


Aircraft;  Aircraft  equipped  to  photograph. 


Area;  Cast, 


Test  Party;  Commander  Gorry,  Lieut-Comdr ,  s^ain.  Radio  Elect. 

Burdock,  school  instructor,  and  Represent  at  iTres 
of  the  Bureau  of  Ships. 


Object  of  Tests;  To  determine  the  duration  and  character  of 
echoes  from  a  bubble  cloud  which  la  created  by  a  device  ejected 
from  the  submai-’ine  signal  ejector.  To  determine  whether  or  not 
bubble  cloud  can  be  seen  or  photographed  from  aircraft, 

procedure;  Submarine  and  destroyer  underway  at  07W  and  pro¬ 
ceed  to  test  area.  Aircraft  join  group  about  0830.  Eight 
tests  will  be  made  at  each  submarine  keel  depth  of  60,  100  and 
150  feet. 


Submarine  dive  on  signalled  base  course  with  buoy  streamed. 
Proceed  at  three  knots  speed.  Report  when  ready.  One  minute 
after  receiving  letter  over  supersonic  beam  from  destroyer, 
eject  a  bubble  cloud  making  device  and  transmit  letter  "P"  the 
instant  the  device  is  ejected.  After  the  bubble  cloud  has 
disappeared,  the  destroyer  will  transmit  the  letter  "L"  twice 
as  a  stand  by  signal  for  the  succeeding  tests.  Eight  ejections 
will  be  made  at  intervals  of  ten  to  fifteen  minutes,  depending 
upon  the  persistence  of  the  bubble  cloud.  The  letter  signals 
to  the  submarine  from  the  destroyer  will  be  paralleled  by 
flashing  light  to  the  observing  aircraft.  After  eight  tests 
the  submarine  will  be  ordered  to  adjust  depth  to  100  feet  sub- 
mer^^ence.  Submarine  report  when  ready  and  then  repeat  the  same 
procedure  as  for  60  feet  depth.  After  eight  ejections,  subma¬ 
rine  will  be  ordered  to  change  depth  to  I50  feet  and  procedure 
will  be  repeated  for  a  I50  foot  depth  for  eight  more  ejections. 

The  destroyer  will  take  station  I4.OO  yards  on  the  subma¬ 
rine's  beam  for  the  first  ejection  at  each  depth  and  will 
average  three  knots  speed  on  the  base  course  remaining  abeam 
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of  the  submarine*  During  succeeding  ejections  at  each  depth 
the  destroyer  will  adjust  position  to  be  a  distance  from  sub¬ 
marine*  of  500,  600,  700,  800,  900,  1000,  1100  yards.  If 
results  warrant,  the  distance  may  be  increased  by  200  yard 
intervals  to  observe  results  at  greater  ranges. 

The  destroyer  will  alternately  obtain  echoes  from  the 
bubble  cloud  and  the  submarine.  The  duration  of  time  that 
echoes  can  be  obtained  will  be  recorded  for  each  ejection. 

The  quality  of  the  echoes  from  the  cloud  for  each  ejection 
will  be  estimated  and  recorded.  An  attempt  will  be'^made  to 
measure  the  width  of  the  cloud.  Destroyer  observe  any  surface 
indication  of  bubble  cloud.  Submarine  observe,  if  possible, 
bubble  cloud  through  periscope  and  renort  results.  Submit 
submarine  bathythermogranh  records  for  each  dive. 

Aircraft:  Arrangements  have  been  made  to  have  photographic 
or  observing  plane  participate  in  the  tests.  If  bubble  cloud 
can  be  seen  the  aircraft  is  reaueated  to  photograph  it  as  often 
as  possible.  Report  on  results  obtained  should  be  forwarded 
for  inclusion  in  final  report.  Differentiate  between  results 
which  were  obtained  under  varying  conditions  of  sea  (if  such 
exist)  and  times  of  day.  Communicate  with  NOA  on  i+250  Kcs. 
Exercise  call  for  plane  GEW,  Exercise  call  for  NOA  GAW. 


Submitted: 

(signed) 

TW,  A.  Gorry, 

Commander,  U.  S.  Navy, 
Commander  Submarine  Division  Twelve. 

Approved; 

(signed) 

E,  H.  Jones, 

Captain,  U.  S,  Navy, 
Commander  Service  Squadron  Nine. 


Distribution: 

R-lk 

NOA 

Each  Representative  Present  from  BuShlps 
Comdr.  Fleet  Air  v'ing  Twelve  (5) 
Comscrvron-9 
Comsubdlv-12 
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%  Fleet  post  Office, 
Now  York,  New  York, 
March  l6,  1914-5  • 


prom; 

TO: 

Via; 


Commanding  Officer 

Director,  Naval  Research  Laboratorj , 
Washington,  D.  C. 

Commanding  Officer,  Atlantic  Fleet, 
Anti-Submarine  Warfare  Uhit. 

Comander  Submarines,  Atlantic  Fleet. 


Subject;  Service  test  of  Naval  Res'^arch  Laboratory 

Device  to  generate  bubble  clouds  for  sub¬ 
marine  escape  tactics. 


References;  (a)  ComSubLant  Conf.  Ltr.  Al6- 5/(0291)  of 

February  2^,  19ll-5» 

(b)  NRL  Conf.  Ltr.  C-S68/SS(220)  of 
February  20,  1945. 


Enclosures:  (A)  Recorder  traces  of  attack  and 

controlled  runs. 

(B)  plot  of  courses  of  SEMMES  and 
CACHALOT  during  runs. 

(C)  plot  of  bearings  vs  time  for  first 
controlled  run  (target  angle  060 
to  090 ). 

1.  The  subject  tests  were  conducted  in  the  New 

London  area  during  the  period  February  25  through  March  10,  19ll-5. 


2,  The  procedure  outlined  in  enclosure  (A)  of 

reference  (b)  was  followed  as  closely  as  possible.  The  first 
tests  consisted  of  six  runs  on  the  submarine,  with  the  sub¬ 
marine  using  escape  tactics,  running  at  an  eighty  foot  depth 
without  a  buoy.  The  next  tests  were  made  v^ith  the  submarine 
tov-'ing  a  buoy.  The  first  four  runs  with  the  buoy  were  definitely 
controlled  In  that  the  SEMT/IES  positioned  herself  so  as  to 
have  a  target  angle  of  first,  ninety  degrees,  then  zero,  then 
two  runs  with  a  target  angle  of  one  hundred  and  eighty  degrees. 
Three  more  runs  were  then  made  with  the  submarine  using  escape 
tactics  but  with  the  conning  officer  unable  to  see  the  buoy. 

The  buoy  was  merely  used  to  help  analyze  the  results.  The 
third  set  of  tests  consisted  of  static  drop  tests.  These  were 
curtailed  as  the  results  showed  very  little  information  was  to 
be  gained.  Also  the  danger  from  a  possible  hangfire  to  the 
personnel  in  the  small  boat  was  very  great.  A  special  holder 
had  to  be  used,  and  there  v/as  no  v/ay  to  cut  loose  a  hangfire 
without  losing  the  only  holder. 
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Subject:  Service  teat  of  Naval  Research  Laboratory 

Device  to  generate  bubble  clouds  for  sub¬ 
marine  tactics. 


5.  Enclosure  (A)  contains  the  recorder  tracings 

for  the  various  runs  and  enclosure  (B)  contains  the  plot  of 
the  course  of  the  SE?*f'ES  and  the  CACHALOT  during  the  runs 
plotted  from  data  taken.  For  plotting  the  results,  the  buoy 
proved  to  be  invaluable.  Also  it  enabled  the  SERIES  to  make 
a  good  estimate  of  the  final  success  or  failure  of  the  attack. 

The  conning  was  done  by  "seaman^s  eye"  methods.  No  aids  other 
than  the  Saiigamo  Chemical  Recorder  were  used.  The  Bell  tele¬ 
phone  QBP  sound  gear  was  used.  This  is  not  enuinned  with 
S.L.C. 

ij.,  m  all  runs  v^ithout  the  buoy  the  attack  v/orked 

Into  either  an  astern  or  ahead  attack  except  in  the  fifth  run. 

In  this  type  of  an  attack  the  "Doppler”  effect  v/as  a  complete 
giveaway  to  the  experienced  operators  on  the  SEr'T^^S  and  they 
found  it  quite  easy  to  distinguish  between  the  false  echo  and 
the  target.  In  fact  on  the  fifth  run  the  operators  were  changed 
and  the  new  operator  was  not  even  aware  of  the  fact  that  any¬ 
thing  out  of  the  ordinary  v^as  happening.  He  reported  the  pres¬ 
ence  of  the  false  echo  but  kept  on  the  target  because  of  its 
dopplcr.  In  the  sixth  run  of  this  set  the  SEf^TilES  ran  directly 
over  the  submarine.  This  was  definitely  established  by  the 
strong  ST^D  indication.  For  the  other  attacks  the  results  are 
estimated.  The  miss  in  the  last  case;  was  due  to  the  conning 
officer  giving  insufficient  lead.  In  none  of  these  runs  was  the 
operator  or  conning  officer  "fooled".  It  was  noted,  however,  tha 
that  there  was  a  period  of  confusion  when  the  bubble  was  strong¬ 
est  and  It  is  felt  that  an  Inexperienced  operator  or  one  not 
trained  to  realize  the  value  of  the  target »s  doonler  could  easily 
go  astray  at  this  stage  of  the  attack. 

5*  Of  the  second  day *3  runs,  the  first  four  were 

purely  artificial.  As  was  suspected  from  the  first  day's  runs, 
the  case  in  which  the  target  angle  was  ninety  degrees  (condition 
in  which  the  target  had  no  dopplcr)  proved  the  most  confusing 
to  the  ooerator.  Enclosure  (C)  shows  on  a  plot  of  bearings  vs 
time  how  badly  an  experienced  operator  was  fooled  even  when  he 
knew  vhat  was  being  done.  It  is  hoped  that  more  runs  of  this 
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Subject:  Service  test  of  Naval  Research  Laboratory 

Device  to  generate  bubble  clouds  for  sub¬ 
marine  escape  tactics. 


type  snal;;zed  by  a  plot  can  be  made  in  the  future  as  one  run 
cannot  be  called  conclusive.  The  other  runs  with  zero  and 
one  hundred  and  eighty  degree  target  angles  merely  verified 
the  results  of  the  day  before,  that  the  doppler  is  a  dead 
giveav?ay.  One  peculiar  occurrence  happened.  On  the  third 
run  the  SEII.^ES  was  dead  in  the  water  and  the  bubble  cloud 
apparently  drifted  over  the  nrojector  cutting  out  all  sig¬ 
nals.  This  is  probablv  only  of  academic  interest  as  even  at 
slow  speeds  the  ship  is  through  the  cloud  very  quickly. 

6.  The  attack  runs  with  the  buoy  appeared  to  be 
successful  in  the  first  tv/o  cases.  However,  on  the  second  run, 
in  which  the  CACHALOT  stopped,  the  successful  attack  on  the 
part  of  the  SEW^S  was  largely  luck.  The  recorder  operator 
was  confused  by  the  two  echoes  on  the  paper.  Both  echoes 

were  ouite  strong  and  the  conning  officer  was  also  confused. 

This  was  a  point  that  had  not  been  previously  realized,  that 
where  two  or  more  distinct  echo  traces  are  present  on  the 
recorder,  while  the  sound  operator  may  know  which  is  which, 
the  recorder  operator  may  not  and  he  may  fire  on  the  wrong 
trace  or  give  the  wrong  speed  and  range  to  the  conning  officer. 
On  the  last  run  two  PILLENWLRFER  were  released  in  such  a  posi¬ 
tion  that  three  traces  were  visible  on  recorder  and  the  attack 
was  generally  confused.  The  conning  officer  was  heading  in  on 
the  correct  course  until  about  five  hundred  yards  from  the 
target  but  at  the  very  end  he  got  bearings  that  apparently  were 
taken  from  one  of  the  bubbles  and  he  turned  hard  left  to  cross 
the  supposed  target  causing  him  to  pass  astern  of  the  submarine. 

7.  The  following  drop  tests  v/ere  made  with  these 
results.  (Times  are  measured  from  approximate  instant  of 
trigger  pull.  In  most  cases  times  are  inaccurate  as  it  was 
difficult  to  tell  the  instant  trigger  was  pulled.  The 
average  time  to  fire  was  about  twenty  to  twenty-five  seconds.) 
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Subject;  Service  test  of  Naval  Research  Laboratory 

Device  to  generate  bubble  clouds  for  sub¬ 
marine  escape  tactics. 


Roughly  it  is  concluded  that  one  minute  after  release  an 
echo  can  be  obtained  and  it  is  lost  almost  three  minutes 
later.  The  bubble  cloud  was  only  seen  once  by  boat  re¬ 
leasing  PILLE^^’^TRPIR  and  then  only  briefly. 

Q,  The  following  conclusions  were  reached  as 

to  the  value  of  PILLE>nVLRPER ; 

(a)  If  they  are  dropped  in  large  enough 
quantities  the  attack  would  definitely  be  confused 
and  probably  would  mislead  the  attacking  ship  in 
many  cases. 

(b)  If  they  could  be  made  of  longer  per¬ 
sistence,  once  the  area  is  clouded  with  them 
attempts  to  regain  contact  with  the  submarine 

after  an  unsuccessful  attack  xvould  be  very  difficult, 

(c)  The  discharge  of  air  when  the  projectile 
is  fired  from  the  submarine  is  plainly  visible  in 
the  form  of  a  surface  bubble  and  confirms  to  the 
surface  ship  the  presence  of  a  submarine, 

(d)  The  underwater  detonation  can  be  heard 
on  the  sound  gear  and  should  be  very  easily  heard 
by  any  shin  enuipned  with  sonic  listening, 

(e)  An  experienced  ouerator  who  can  recog¬ 
nise  ’'dopplcr  effect"  has  no  trouble  distinguishing 
between  the  submarine  and  the  echo,  particularly 

on  an  astern  or  an  ahead  attack,  although  the 
sound  of  the  echo  is  in  general  very  much  like  that 
received  from  a  submarine. 

(f)  The  operator  is  most  likely  to  be  fooled 
when  the  submarine  is  crossing  the  course  of  the 
destroyer  in  which  case  the  submarine  also  has  no 
doppler. 
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AG2ii/s68/(0l6)  March  l6, 

CONFIDENTIAL 

Subject*  Service  test  oX_Kaval  Research  Laboratory 

Device  to  generate  bubble  clouds  for  sub¬ 
marine  escape  tactics. 


(S)  A  great  many  duds  were  experienced  by  the 
submarine  but  only  on  one  out  of  the  twelve  drop  testa, 
and  that  charge  hit  bottom  and  Y:as  damaged.  It  sub¬ 
sequently  failed  to  fire.  Many  failed  to  fire  the 
first  time  but  in  each  case  it  was  found  the  trigger 
had  never  been  pulled.  In  some  cases  a  very  strong 
pull  had  teen  applied  as  the  wire  to  the  trigger 
had  broken.  This  would  seem  to  indicate  that,  when 
ejected  by  the  submarine’s  gun,  the  trigger  probably 
over-rode  without  being  pulled  as  the  nrojectlle 
left  the  gun. 

9*  In  general  it  is  the  opinion  of  this  command 

that  PILLEM’-'ERFER  is  very  well  suited  for  use  against  the  type 
of  attack  which  our  destroyers  employ  but  it  Is  not  suitable 
for  use  at  present  by  our  submarines  as  long  as  the  enemy 
use  sonic  listening  as  their  .primary  detection  method  rather 
than  echo  ranging.  It  is  recormended  that  the  program  be 
carried  out  until  more  data  Is  collected  and  the  exact  value 
of  the  PILLETN'.LRPLR  more  completely  determined,  by  means  of 
controlled  attacks.  Then  the  good  and  bad  points  may  be  pre¬ 
sented  to  our  submarines,  so  that  v/hen  the  day  comes  that 
they  feel  the  need  for  such  a  device  it  will  be  developed 
and  ready  to  be  given  to  them.  As  a  recommendation,  the 
method  of  release  should  be  changed  so  that  no  visible 
sign  is  given.  Also  the  release  should  be  mads  as  silent 
as  possible. 


W.  I.  BULL 


Copies  to: 

Naval  Research  Laboratory  (Original) 

Naval  Research  Laboratory  (1  copy  direct) 

G.O.  Atlantic  Fleet  A-S  Warfare  Unit# 
Commander  Submarine,  Atlantic  Fleet# 

Comlnch  (Readiness  Section) 

Eu^hips  (Att:  Comdr.  Loomis) 

GomSubRon  ONE 

C.O. ,  U.S.S.  CACHALOT 

C.O.,  East  Coast  Sound  School,  Kev  west,  Fla. 
File 

^Enclosure  with  original. 

Note;  Enclosure  ”A"  with  original  only. 
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March  10,  19^1-? 


IffiMOMNDUM  to  the  Director 


Subject:  Service  Tests  of  Naval  Kesearch  Laboratory 

Device  to  Generate  Bubble  Cloud  for  Subma¬ 
rine  Evasion  Tactics. 

Reference;  (a)  NRL  Conf.  Ltr.  0-368/33^220)  of  February 

20,  19i;5. 

(b)  Comsublant  Conf,  Ltr.  Al6- 5(0261)  of 
February  2ii-,  19ij-5* 


Ic  Reference  (a)  is  the  proposed  program  of  tests 

prepared  by  Commander  W.  L.  Pryor,  Jr. ,  of  the  Laboratory. 
Reference  (b)  is  Comsublant’ 3  approval  of  the  program  to  be 
conducted  by  the  U.  S.  Submarine  CACHALOT  and  N.  S.  Destroyer 
SEMMES. 


2,  The  subject  device  known  as  ’’False  Target  Shell" 

is  essentially  the  same  as  the  submarine  Emergency  Identifi¬ 
cation  Signal’  except  as  tc  contents  and  weight.  Of  slightly 
negative  buoyancy  it  contains  six  cans  2-7/8"  x  1-7/^"  of 
a  lithium  hydride-paraffin  mixture  designed  to  generate 
fiftv-three  cubic  feet  of  hydrogen  in  fine  bubbles  on  ejection 
from  the  signal  shell  case.  This  bubble  cloud  serves  as  a 
false  target  for  submarine  echo-ranging  attack  approach, 

5.  in  accordance  with  references  (a)  and  (b)  tests 

v/ere  conducted  with  the  "False  Target  Shell"  at  New  London 
on  February  29-27,  19^5.  Corni'ander  P,  K,  Loomis,  Lt.  (j.g,) 

J.  H.  Curtiss  and  Mr,  P,  M.  Varney  of  the  Bureau  of  Ships, 
and  Lt.  C.  L.  D.  Allen  and  Mr.  J,  A.  Grand  of  the  Laboratory 
were  present  to  witness  the  tests.  No  tests  were  made  on 
February  29  due  to  jamraing  of  the  submarine’s  signal  ejection 
gun.  On  pebraarT:  26,  six  evasion  runs  were  carried  out  with 
the  submarine  Commanding  Ofi  icer  firi-ng  "False  Target  Shells" 
at  his  discretion.  Throughout  the  conduct  of  the  evasion 
operations  the  submarine  maintained  a  depth  of  80  feet.  One 
shell  only  was  fired  in  all  rune  except  in  one  case  where 
two  shells  were  ejected.  In  tv^o  of  the  six  runs  the  submarine 
heard  the  destroyer  pass  over  head.  The  consensus  of  opinion 
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or  the  obc’erver  aboard  the  SEn'DS  was  that  although  the 
bubbles  gave  an  echo  coinoarable  in  quality  and  intensity 
to  that  obtained  from  the  CACHALOT  the  two  echoes  could 
be  differentiated  by  the  lack  of  Doppler  from  the  bubbles, 

ll.  Although  some  confusion  resulted  from  the  use 
of  the  "False  Target  Shell"  its  definite  value  in  evasive 
tactics  could  not  be  ascertained  from  these  tests.  A  series 
of  controlled  runs  with  the  CACHALOT  streaming  a  marker  buoy 
were  conducted  the  following  day.  Data  from  these  observations 
of  February  27  is  aumi-narlEed  below.  In  all  cases  the  submarine 
proceeded  at  a  depth  of  6^-70  feet  at  5.2  knots  unless  other¬ 
wise  noted.  During  the  first  four  runs  the  submarine  followed 
a  set  base  course  while  in  the  lest  three  runs  the  submarine 
used  evasive  tactics.  The  destroyer  in  all  runs  except  the 
first  simulated  attack  conditions.  All  times  given  are  In 
minutes  and  seconds  vlth  zero  time  as  starting  t^me. 

Run  ^'1,  Destroyer  follo’ved  parallel  course  slightly  ahead 
of  submarine  abeam  at  a  rang<£;  of  800  yards.  Under  these  con¬ 
ditions  no  Doppler  is  received  from  the  sub  and  a  slight 
Doppler  from  the  bubbles.  The  submarine  fired  a  shell  at 
5~00.  sound  operator  left  the  submarine  and  began  to  range 
on  bubbles  at  L-OO.  At  3-10  the  run  vras  concluded  with 
the  sound  operator  still  ranging  on  the  bubbles. 

Run  Destroyer  1200  yards  dead  ahead  of  submarine. 

Submarine  fired  dud  bubble  shell  at  5-00,  Although  sound 
operator  became  confused  in  the  middle  of  the  run  a  successful 
attack  was  made  at  7-OO, 

Run  #5*  Destroyer  approaching  submariners  stem  from  an 
initial  range  of  600  yards.  Shell  fired  at  5-OO.  Destroyer 
began  receiving  good  double  echo  at  k-OO.  From  5-OO  to 
7-00  destroyer  in  bubble  cloud  which  squelched  all  echo 
ranging.  Ho  bearings  and  ranges  could  be  determined  by  echo- 
ranijlng  while  in  this  blanketed  are’S.  At  7-OO  the  submarine 
was  m-onientarily  ranged  and  lost  again  until  8-00  when  contact 
was  maintained  until  the  conclusion  of  the  run  at  10-25* 
Destroyer  not  under  way. 

Run  Repeat  test  of  run  #5  with  two  shells  to  be  fired 

instead  of  one.  Initial  range  5^'^  yards.  Shell  fired  at 
3-00,  Bubble  echo  first  received  at  k-00.  From  to 

9-00  at  a  range  of  60O-7OO  yards  the  bubbles  gsve  a  stronger 
echo  than  the  submarine  but  no  Doppler.  Although  the  bubble 
echo  was  more  intense  than  the  submarine  the  Donnler  from  the 
latter  was  still  distinguishable.  At  submarine  fired 
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&  second  shell  iwhlch  vas  first  ranged  by  the  destroyer  at 
10-00.  Prom  II-3O  to  12-30  the  destroyer  was  passing  through 
c  bubolt  arcaj  during  this  period  no  bearings  could  bo  taken. 
The  operator  of  the  range  recorder  was  confused  in  this  run 
because  of  the  multiplicity  of  traces  recorded. 


Evasion  Runs  (different  sound  operator  aboard  SErfJiES). 


f-5.  Initial  range  2I4.OO  yards.  The  submarine  fired  a 
shell  at  5“29  and  continued  on  base  course  until  7“00 
when  it  began  an  80*^  right  turn  completed  at  II-06,  the 
conclusion  of  the  run.  At  6-10  the  destroyer  had  closed 
in  to  1000  vard  range,  from  which  time  the  sound  onerator 
began  to  oscillate  in  taicinp  bearings  from  bubbles  to  sub- 
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Run  ,f6.  Initial  range  27OQ  7,’’ards.  Submarine  fired  shells 
at  3-00  and  k-OS  and  executed  60°  right  turn  from  3-00 
to  6-00 j  submarine  stopned  all  engines  from  7-OO  to  I7-OO, 
the  time  of  conclusion  of  the  run.  Destroyer  closed  in  to 
1500  yards  at  6-30  vhen  first  double  echo  nicked  up.  Al¬ 
though  some  confusion,  destroyer  apparently  made  a  success¬ 
ful  attack  at  10-10. 


Run  y/7.  Initial  range  2^00  yards.  Submarine  fired  shells 
at  I4.-59  and  executed  a  ii-O*^  left  turn  from  6-00  to 

8-00,  returning  to  base  course  frcir?  9-OO  to  12-00.  Destrover 
first  echo-ranged  buboles  at  S-20  at  a  range  of  IO9O  yards. 
Operator  lost  submarine  and  ranged  bubbles  from  6-00  to 
7-00  when  target  trace  operator  called  attention  to  this 
fact  and  sound  operator  relocated  the  submarine.  At  8-10 
simulated  attack  fired  at  2nd  set  of  bubbles  instead  of  true 
target;  this  was  due  to  confusion  of  the  operator  of  the 
range  recorder  and  not  the  sound  operator. 

5»  Among  the  disad vantage s  of  the  "False  Target  Shell" 
is  the  use  of  an  air  slug  for  ejecting  the  shell.  The  re¬ 
sultant  surface  disturbance,  although  momentary,  may  bo  seen 
b''>'  surface  craft  several  hundred  yards  away.  This  drawback 
could  be  eliminated  by  firing  the  shell  with  a  water  slug 
instead  of  air.  Another  handicap,  probably  more  serious  with 
sonic  than  with  supersonic  eauipment,  is  the  sound  created  by 
the  black  powder  exnellent  charge.  Both  of  the  above  mentioned 
difficulties  would  be  removed  b^  the  use  of  an  ejector  like 
the  German  "pillenwerfer "  modified  by  the  addition  of  a  safety 
pop-off  valve  to  the  muzzle.  Relatively  little  danger  would 
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be  involved  In  the  use  of  an  ejector  of  the  piston  type  and 
further  the  chemical  could  be  stored  in  cans  instead  of  the 
more  e:xpensive  signal  cases. 

6.  The  '*palse  Target  Shell”  has  in  these  tests 
demonstrated  the  oosaibllity  of; 

(a)  Confusing  an  experienced  sound  operator. 

(b)  Confusing  the  range  recorder  operator* 

(c)  Squelching  momentarily  all  echo-ranging* 

It  is  to  be  noted  that  in  all  indiv5-dual  tests  a  maximum 
number  of  two  shells  was  used,  while  in  actual  service  use  a 
larger  nuirber  could  be  used. 


Jos.  A.  Grand 
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March  29 ^  I9U5 


MEMOPiANDUM  to  the  Director 


Subjects  Sound  Test  at  Hew  London  of  Varied  Expelling 
Charges  in  Device  to  Generate  Bubble  Cloud 
for  Submarine  Evasion  Tactics  (False  Target 
Shell) . 

Reference*  (a)  BuOrd  Itr*  to  Nyd  Washington,  No. 

1(9),  Serial  No.  02-^-9,  dated  Feb.  2, 
1942,  requesting  modification  of  expel- 
lent  charge  in  false  target  shell* 


Enclosure:  (A)  program  of  Test  procedure. 

1.  Preliminarv  service  tests  demonstrated  the 

necessity  of  reducing  the  expelling  charge  in  the  subject 
device  because  of  the  high  order  intensity  noise  produced 
by  the  explosion.  In  accordance  with  reference  (a),  Fr. 

S.  P.  Lewis  of  the  Naval  Ordnance  Laboratory  prepared  four 
shells  v>*ith  an  I8  gram  smokeless  powder  charge  and  four 
shells  with  '  24  gram  smokeless  powder  charge  in  place  of 
the  standard  8  gram  black  powder  charge.  These  shells 
contained  duimny  pellets  of  wax  in  place  of  the  chemical 
pellets. 


2.  Cornmander  W.  L.  Pryor,  Jr.,  Dr.  H.  L*  Saxton, 
VJ.O.  R.  H.  IfVhitehead,  Mr.  W.  Stifler  and  Fr.  J.  A. 

Grand  from  the  Laboratory  and  Fr.  P,  M.  Varney  of  the 
Bureau  of  Ships  witnessed  sonic  and  supersonic  listening 
tests  of  these  shells  as  well  as  standard  shells  at  New 
London  on  Farch  25th,  The  test  procedure  followed  the 
program.  Enclosure  (A),  with  1;he  exception  that  Run  ^6  of 
part  Two  was  omitted, 

5.  sound  recordings  of  the  tests  of  part  One  made 
aboard  the  AMADA  &  19^9  by  Fr.  D.  P.  Love  of  the  underwater 
Sound  Laboratory,  demonstrate  a  marked  reduction  in  sound 
Intenait;/  by  the  use  of  the  I8  and  24  gram  smokeless  powder 
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charges.  No  ’’sonic  scrambled  egg  effect",  i.e.  sounds  pro™ 
duced  by  bubbles  leaving  the  surface  of  the  chemical,  by  tne 
use  of  chemical  shells  could  be  noted.  A  condensed  copy  oi 
these  sound  record^  -gs  V'ill  be  sent  to  the  Laboratory. 
sounds  heard  over  the  QBP  aboard  the  SEMMES  v?ere  quite 
due  to  the  fact  that  the  shells  exploded  quite  close  to  the 
sound  dome.  In  all  tests  of  part  One  the  pellets  were 
ejected  from  the  shell  cases  by  the  excelling  charges. 

!{..  The  nrlrrary  purpose  of  the  tests  of  part  Two  was 

to  deteririne  if  the  collets  v-'ould  be  ejected  bv  the  reduced 
explosive  c  ;arges  at  the  crobable  maximurii  depth  oi  use*  In 
all  tests,  ..-xcopt  Run  ^2,  the  pellets  v/ere  ejected  from  the 
shell  cases.  The  shell  used  in  Run  //2  v;as  a  dud,  probably 
caused  b7/  a  crimer  misfire*  Very  feeble  or  no  reports  were 
heard  over  the  QBP  In  the  tests  of  Part  Two. 

5,  Vii':' ile  ao  New  Londc/i,  arrangements  were  made  for 
the  writer  to  visit  the  Electric  Boat  Co*  in  order  to  ascer¬ 
tain  the  possibilities  of  using  salvage  connections  or  other 
openings  in  a  submarine  for  attachK’ont  of  a  "pillenv/erfer"  type 
ejector.  The  salvage  connection  is  the  only  opening  available 
and  that  is  not  very  s  uitable  as  it  ooens  on  the  topside  of  the 
hull  two  to  four  feet  from  the  deck,  depending  upon  the  com¬ 
partment.  Further,  the  salvage  opening  is  onl^f  three  inches 
at  the  weld  which  would  permit  only  of  using  about  a  one-inch 
pill 


Joseph  A.  Grand, 
Chemistry  Dept. 
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TENTATIVE  PROGRAM  uT  FALSE  TARGET  SHELL  TESTS  MARCH 

Part  One  {Setames,  Amada  and  I985  panticinating) 

The  SeiniT'es  will  take  oositton  about  1000  yards  distant  from 
tne  Amada  and  I985  anchored  off  Fisher’s  Island  at  about  li'-j^O. 
me  sewrres  viill  transmit  by  signal  light  the  letter  when 

Proceed  with  the  tests.  The  1985  will  answer  if  ready 
rr  ^  "i*"  If*  not  ready  with  the  letter  *'H*'  for  hold, 

p  ,3?^^  craft  are  in  readiness  the  Semites  will  signal  Rl  for 
Koaainoss  Run  and  1  minute  later  send  a  long  dash  for  execute, 
A’  tae  moment  the  execute  signal  is  sent  the  Semmes  will  trip  the 
r.^  lever  on  the  false  target  shell  at  a  depth  of  80  feet* 

E  ght  runs  will  be  made  as  enumerated  below  using  the  same  signal* 
procedure  as  above  with  shells  of  varying  powder  charge, 
i  e  Semres  will  note  if  the  cans  are  ejected  from  the  shell  and 
a  so  note  over  the  OBP  qualitatively  the  relative  intensity  of 
Che  sound  made  by  the  expellent  charge.  The  first  two  runs  will 
De  used  for  sonic  adjustment  purposes  by  the  1985  and  the  Amada 
n  order  to  record  the  sound  rrade  by  the  burster  charge  in  runs 
*  inclusive,  as  well  as  any  *'sonic  scrambled  egg  effect” 
that  might  be  found  in  runs  #2,  #7  and  #8  with  chemical  shells. 
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part  Two 
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The  Semmes,  on  the  conclusion  of  the  tests  of  part  one  will 
proceed  to  a  point  off  pishcr^s  Island  where  a  depth  of  500  feet 
is  available.  The  Sommes  will  trip  six  shells  as  noted- below 
making  the  same  observations  as  in  part  One. 
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C -568/53  (  I{.52  :  JAG  )insp 


May  3 1  19^3 


MEMORANDA  to  the  Dii’e^.c-cr* 

Subject*  Deep  Water  Sour.e  Test  at  Portsmouth,  IT.  s  of 

False  Target  sbell. 

References:  (a)  Memo,  to  Dii’ector;  G-s68/S5’ ()'.52 ) ,  dated 

yarch  29,  19^^.  sound  tests  of  varied 
expelling  charges  in  False  Target  Shell. 

(b)  BuShips  Itr.  to  BuOrd,  C-SS/a16(  i‘^0) , 
dated  ,Tan.  25,  19^3,  requesting  that 
ITOL(Wash,Nyd)  be  authorized  to  modify 
excelling  charge  and  furnish  NRL  with  ^0 
shell  cases  and  modified  charges  for 
chemical  loading. 

(c)  EuOrd  Itr.  to  Nyd,  Wash.,  ^'fO-lO)Re2e , 

Serial  02-5-9*  dated  Peb.  2,  194?#  author- 
iy.ing  request  of  Reference  (b). 

1.  The  sound  tests  at  New  London  of  March  25 
(Ref.  (a))  indicated  that  a  20  gram  smokeless  powder  expel¬ 
ling  charge  in  place  of  the  standard  23  gram  black  powder 
charge  satisfactorily  reduced  the  noise  level  of  the  ex- 
pellent  explosion.  In  accordance  with  References  (b)  and 
(c)  the  Naval  Ordnance  Laboratory  supplied  fifty  modified 
expelling  charges  and  fifty  Mark  2  Mod.  2  Submarine  Emergency 
Identification  Signal  cases.  These  cases  were  loaded  with 
chemical  pellets  at  the  Bellevue  Magazine  under  NRL  super¬ 
vision.  Twenty-five  of  the  False  Target  shells  were  loaded 
with  the  normal  chemical  mixture,  while  the  remaining  twenty- 
five  had  1^  by  weight  of  a  wetting  agent  added  to  the  chemical 
mixture.  Prom  laboratory  experiments  it  is  believed  that  more 
efficient  bubbling  is  obtained  by  the  addition  of  the  v.-ctting 
agent  in  that  smaller  bubbles  are  released. 

2,  Five  of  each  of  the  two  types  of  False  Target 
Shell  were  sent  to  the  Portsmouth  Navy  Yard,  Portsmouth, 

N.  H.  for  test  in  conjunction  with  the  deep  submergence 
run  of  the  USS  EALAO  (SS2B5).  Tests  were  conducted  in 
deep  w'ater  about  I6  miles  off  Portsmouth  on  April  27th 
with  the  US3  SEWES  (AGal* )  and  USS  MARTHA’S  VI^tEYARD 
(1x97)  coonerating.  The  False  Target  Shells  were  only  a 
small  part  of  the  program  as  tests  were  also  mado  by 
representatives  of  the  Bureau  of  Ships,  Portsmouth  Navy 
Yard,  David  Taylor  Model  Basin,  Underwater  Sound  Labora¬ 
tory  of  New  Loudon  and  the  Wood's  Hole  Oceanographic 
Institute.  InPoraat ion  given  here  only  concerns  the 
bubble  generation  problem.  Comdr.  Y.  L.  pryor  Jr., 

Lt.  F.  Y.  Kittle r,  Dr.  P.  N,  Arnold  and  Mr.  W.  W.  Stifler 
of  the  Naval  Research  Laboratory  and  Mr.  P.  M.  Varney  of 
the  Bureau  of  Ships  aboard  the  SEMMES  and  Mr.  J.  A.  Grand 
of  NRL  aboard  the  EALAO  witnessed  the  tests. 
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5*  At  a  deoth  of  I4.I2  fe&t  a  green  smoke  bomb  was 
ejected  from  the  MLAO  to  determine  If  the  ejector  and 
signal  rould  function  properlv  at  this  denth.  It  is  thought 
that  this  signal  fired  before  reaching  the  surface  and  was 
drowned  as  the  SEMMES  reported  no  signal.  Fuse  time  of  the 
smoke  bomb  is  25  seconds,  so  it  would  be  necessary  for  the 
signal  to  have  an  upward  velocity  of  at  least  16,5  feet  oer 
second  to  di.'charge  on  the  surface.  Two  green  smoke  bombs 
vere  fired  at  a  deoth  of  ‘-^OO  feet,  both  of  which  failed  to 
function.  At  this  depth,  with  submarine  speed  1-1/2  knots, 
four  False  Target  Shells  were  fired.  Both  tvnes  of  False 
Target  Shell  were  fired  alternately  at  intervals  of  annroxi- 
mately  three  minutes  beginning  with  the  non-v;etting  agent 
tyoe.  The  v^EF?'ES  recorded  echo  ranging  on  the  submarine  and 
bubbles,  while  the  NARTHA'S  VIFrYARD  recorded  on  sonic  equip- 
iTient  the  expelling  charge  noise.  Observers  aboard  the  SEMMES 
reported  that  echoes  from  the  False  Tai'get  Shells  were  of 
excellent  intensity  and  quality.  Recordings  and  data  taken 
by  the  SEMMES,  MARTHA'S  VIFEYARD,  and  the  BALAO  will  be 
forv/arded  to  the  Laboratory.  Before  coming  to  periscope 
depth  a  green  smoke  bomb  was  fired  at  200  feet  which  functioned 
correctly, 

it*  It  was  intended  to  fire  a  series  of  False  Target 

Shells  at  perlscooe  depth  (62-6Il  feet)  with  submarine  speed 
6  knots  with  the  MARTH'S  VINEYARD  directly  astern  of  the 
BALAO  to  deterinine  whether  the  bubbles  had  any  son5.c  masking 
properties,  but  the  gate  valve  on  the  muzzle  of  the  signal 
ejector  jamn’ed  after  firing  one  False  Target  Shell.  Unfor¬ 
tunately,  +-.he  MARTHA'S  VINEYARD  was  chansing  record^,  at  the 
time  of  firing  of  this  shell. 

The  subject  of  a  new  type  of  signal  ejector, 
better  suited  to  the  needs  of  the  False  Target  Shell,  was 
discussed  with  Cantain  A.  I.  McKee  of  the  Portsmouth  Navy 
Yard,  The  need  for  a  new  type  of  elector  had  already  been 
anticipated  because  of  the  frequency  of  derangements 
occurring  In  the  Service  with  the  present  model.  Captain 
McKee  was  of  the  onlnlon  that  an  ejector  suitable  for  the 
submarine  signal  and  at  the  same  tire  suitable  for  the 
False  Target  Shell  could  be  designed. 


Joseph  A.  Grand 
Chemistry  Division. 
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October  lU#  19142 


FHFORA'T-^DW  to  the  Director 


On  July  28,  l^l\2 ,  Comdr,  Fallory,  Bureau  of  Ships, 
informed  the  writer  by  telephone  that  Lieut.  Raitz  would  visit 
the  Laboratory  for  a  conference  on  an  urgent  problem.  On  the 
same  date  Lieut,  Piaitz  called  at  the  Laboratory  to  discuss  the 
use  of  chemical  materials  for  forming  a  false  target  of  sub¬ 
marines  for  the  sounding  apparatus  aboard  enemy  ships.  To  date 
it  appears  that  a  ship’s  wake,  a  cloud  of  air  bubbles,  or 
temperature  differences  will  give  reflections  similar  to  the 
hull  of  a  submarine.  The  important  condition  apparently  being 
a  rather  sharp  change  in  density  of  the  water,  the  exact  mech¬ 
anism  of  the  refloctlor  being  under  study  in  NDRC. 

Lieut.  Raitz,  Dr.  Burgess  and  the  virlter  discussed 
various  compounds  which  would  decompose  to  give  small  bubbles 
in  water  to  change  the  density  by  a  controllable  amount.  These 
compounds  were  sodium  peroxide,  hydrogen  peroxide,  mixed  oxide 
and  KOX  as  Os  producing  compounds,  carbon  dioxide  snow,  alkali 
carbonates  and  bicarbonates  with  suitable  dry  acids  (alka-selt- 
zer  types),  as  CO2  producing  compounds.  Also  various  alkali 
metals  as  hydrogen  producing  compounds  v/ere  discussed.  The 
using  of  a  fine  air  spray  was  discussed  with  Dr.  Borgs trom. 

On  July  29th,  Liout.  Raitz  returned  to  the  Laboratory 
to  see  some  materials  tried  in  a  v/ater  bath.  The  bath  used  was 
ij.  ft,  high  with  glass  windows  giving  good  observation  of  the 
reactions. 

Catalyzed  mixed  oxides  gave  a  very  vigorous  reaction 
and  large  bubbles.  Then  NaCl  was  added  as  an  inert  material 
and  pellets  made  with  the  mixed  oxide.  One  sample  contained 
NeCl  h-O^t  MOX  605^,  a  second  FaCl  60%,  FOX  liO^,  A  reasonably 
large  volume  of  small  bubbles  formed  in  the  tank  which  lasted 
for  several  minutes.  The  60%  HOX  pellets  reacted  and  descended 
more  slowly  than  the  kO%  material.  Ths  reaction  with  the  pel¬ 
lets  (approx,  aspirin  pellet  size)  was  over  in  from  1/2  to  1 
minute  time.  Large  pressed  chunks,  2  to  5  cm.  in  diameter, 
reacted  in  approximately  the  same  time  and  gave  large  bubbles 
which  rose  rapidly  to  the  surface  and  disappeared. 

Lieut,  Raitz  discussed  the  problem  with  Fr.  R.  L. 

Tuve  who  suggested  calcium  phosphide  as  a  compound  with  suit¬ 
able  characteristics.  The  rate  of  gas  production  being  easily 
controlled  by  the  size  of  particles.  The  gas  formed  from  the 
commercial  calcium  phosphide  has  an  unpleasant  odor  which  would 
be  disagreeable  if  set  free  in  a  closed  space.  The  odor  is  not 
due  to  phosphine,  but  probably  to  arsine  from  the  arsenic  pres¬ 
ent  as  the  impurity  in  the  phosphide.  The  phosphide  reacted 
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Vv'ith  the  water  slowly  and  regularly  to  give  a  well  defined  cloud 
of  bubbles.  The  phosphine  burned  on  contact  with  the  oxygen  In 
the  air  with  a  sharp  crackling, 

50^  HtsOs  was  decomposed  by  oourlng  a  solution  of  KFn04 
and  the  peroxide  each  through  a  tube  into  a  pocket  or  mixing 
chamber  in  a  rubber  stopper  under  the  surface  of  the  water,  A 
cloud  of  small,  bubbles  were  dispersed  v/hich  disopneared  slowly. 

A  dark  brownish  color  was  also  present  due  to  excess  catalyst. 

ilCj.  snow  in  sizes  that  descerded  gave  bubbles  which 
were  too  large  ana  smaller  pieces  rose  to  the  surface. 

Larger  chunk?  of  the  60^  MOX  mxturo,  l-5/i-;-in.  in 
diameter,  weighing  approximately  "JO  gm- ,  were  prepared  and 
dropped  into  the  river  one  at  a  time,  large  bubbles  came  to  the 
surface,  but  the  water  naturally  w'es  too  muddy  to  observe  any 
fine  bubbles  In  the  vicinity  of  the  decomposing  chunk, 

DISCUSSION; 

The  phenorrena  of  sound  reflection  from  a  location  in  an 
extent  of  water  is  found  where  there  is  a  change  in  the  density 
of  the  water.  The  change  in  density  or  the  rate  of  change  for 
a  reasonable  reflect  ion  is  not  known  to  the  writer.  Howe;'er, 
density  changes  due  to  temperature  differences  are  renorted  tv., 
produce  a  sound  reflection. 

The  maximum  temperature  differences  renorted  in  sea 
water  are  around  b.0°p.  (the  highest  reported  around  80°p.  ,  the  .1 
lowest  around  bO^P. )  however.  It  would  appear  unreasonable  if  a 
difference  of  more  than  one-fourth  this  amount  (10°p.)  occurred 
in  s.  short  distance  or  boundary  layer  from  which  reflection 
could  be  obtained.  On  curve  the  difference  in  density  of  sea 
water  from  86°F.  to  77«f,  (9®F.)  is  l,02b25  -  1.02260  or' O.OOI65, 
while  the  difference  from  hl'^F.  to  50°?.  (9'’F.)  is  I.O286O  - 

1.02789  or  0.000725, 

Now  choosing  as  the  average  density  of  sea  water 
1,02686  {value  at  59°  60°P.)  the  fraction  of  the  volume  in 

each  cubic  foot  occupied  by  gas  at  the  average  density  change 

would  be  0,00120  „  ^  V\ihere  fa)  and  fb)  are 

1".^'686'  “  0*0011d  or  Qtxlbfo,  '  ' 

the  major  and  minor  semi  axes  respectively  of  an  ellipse,  the 

volume  of  the  spheroid  formed  bv  rotation  of  the  ellipse  about 

Its  major  axis  is  given  by  V  =  l|./5Trab®.  Considering  that  a 
suitable  target  elliptical  in  shape  and  equal  in  shape  to  the 
solid  of  rotation  of  the  ellipse  vould  be  I50  feet  in  length  and 
20  feet  in  diameter  at  the  center  the  volume  would  be  in  cu.  ft, 

■=  b-/5TM50*  (20)® 

-  Annrox.  1*150*[|.00  cu.ft, 

=  ”  60,000  cu.ft. 

60,000  X  0,00116  =  69,6  cu.ft.  of  gas  to  get 

the  density  change  considered.  Also  this  is  the  volume  at  the 

4Hi-  Correction: 

This  line  should  re.ad  b.(l'150"4C0)  cu.ft.  and  should 
be  carried  through  the  calculation. 
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depth  desired,  Assuming  I25  ft.  to  center  where  the 
in  the  sea  water  would  v  .■  125* ^2*  5  x  1.02686  , 


prussure 
Ibs/sq.  in. 


The  gas  volume  Is  then  6  g 6* 55* 6 


=  265.  ft® 

and  the  average  temperature  chosen  60^^?.  This 
take  into  account  the  weight  of  the  gas  or  the 
vmter.  Both  or?  these  values  depend  on  the  gas 
one  foot  thickness  of  gas  filled  water  I50  ft. 


at  one  atmosphere 


figure  does  not 
solubility  in  sea 
used.  In  case 
long  and  20  feet 

high  was  satisfactory  the  volume  would  be  1^0  x  1  x  20  =  5^^^ 


cu.  ft.  or  1/20  of  the  calculated  volume  and  only  l/20  of  the 
gas  volume  would  be  required. 


prom  the  date  of  this  visit  to  the  present,  work  has 
been  done  on  this  probleri*  at  odd  times. 


During  the  week  of  October  5th,  T.  M.  Varney,  Bureau 
of  Ships,  visited  the  Laboratory  three  times  on  the  problem  and 
a  confidential  letter  from  the  Bureau  of  Ships,  C-SS/A16-5(3^0) , 
has  requested  pellets  for  trial.  They  wish  one  hundred  units. 
Men  in  the  section  on  high  flying  and  material  testing  have  been 
put  on  this  work  to  finish  it  quickly.  In  the  m.eantlme,  Lieut. 
J,  T.  Burw'ell  asked  that  I  interview  a  polish  refugee  in  Balti¬ 
more.  The  data  apparently  is  on  German  equipment  for  problems 
other  than  this  one,  Txxe  conference  was  reported  in  confiden¬ 
tial  memorandum  to  ti-e  Director  of  October  15th, 


R.  R.  Miller, 
Chemistry  Division 
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Reproduced  by 


ARLINGTON  HALL  STATION;  ARLINGTON  12  VIRGINIA 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFIC 
OTHER  DATA  ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  CO 
WITH  A  DEFINITELY  RELATED  GOVEEKMENT  PROCUREMENT  C 
THE  U.  S,  GOVERNMENT  THEREBY  INCURS  NO  RESPONSIBILFiV 
OBLIGATION  WHATSOEVER;  AND  TiE  FACT  THAT  TKE  GOVERN 
HAVE  FORMULATED,  FURNISHIfiD,  OR  IN  ANYWAY  BUT'PLIED  T 
DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  Ri 
IMPLICATION  OR  OTHERWISE  AS  m  ANY  MANNER  LICENSING  TIf 
OR  ANY  OTHER  PERSON  OR  CORPORATION,  OR  CONVEIx’ING  AN’S 
PERMISSION  TO  MANUFACTURE,  USE  OR  SELL  ANY  PAl  ’^'NTfoD 
THAT  MAY  IN  ANY  WAY  BE  REIATED  THERETO, 


AITONS  OR 

SECTION 

PERATION, 

,  NOB  ANY 
MENT  MAY 
ip  SAID  '  "" 
IGARDE.D  BY 
E HOLDER 
RIGHTS  OR 
CNVENTKXN 


UNITED  STATES  GOVERNMENT 

memorandum 


7103/104 

DATE:  24  Septemberl996 

James  R-  Griffith  (Code  6107) 

Burton  G.  Hurdle  (Code  7103) 

SUBJECT:  REVIEW  OF  REF.  (a)  FOR  DECLASSIFICATION 

Code  1221.1 

Code  6100 
Code  7100 


-  VO  n  I 


(a)  NRL  Confidential  Report  #P-2086  by  J.A.  Grand  and  D.S.  Burgess,  June 
1943  (U) 

(b)  DoD  Dir.  5200.9 

1.  Reference  (a)  is  a  report  on  the  development  and  testing  of  an  acoustic  false 
target  generator  for  U.S.  submarines.  Small  air  bubbles  were  generated  and 
discharged  from  torpedo  tubes.  The  report  is  the  result  of  a  joint  effort  between  the 
Chemistry  and  Sound  Divisions. 


2.  Both  the  chemical  and  acoustical  technologies  are  widely  known  today. 

3.  Reference  (a)  was  declassified  by  reference  (b). 

4.  Based  on  the  above,  it  is  recommended  that  reference  (a)  be  declassified  with  no 
restrictions. 


JAJilES  R.  GRIFFITHV 
Chemistry  Division 


C/  •-  / 


BURTON  G.  HURDLE 
Acoustics  Division 
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